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INTRODUCTION 
An important characteristic of human beings is the ability 
to recognize, comprehend, and communicate with symbols. The 
major concern of current theory and research in speech and 
reading is to reveal the mental operations involved in recognition 
and abstraction of verbal symbols# The importance of a thorough 
understanding of these mental processes cannot be overestimated, 
and current conceptual and methodological approaches to human 
information processing promise significant advances in our 
knowledge. 
The experiments described in this dissertation address 
the mental coding processes for visual presentations of 
picture and word stimuli. The studies were designed to reveal 
any differences in the time needed to generate visual codes 
for picture and word stimuli, and any differences in the time 
needed to generate both visual and verbal codes for pictorial 
displays, verbal displays, and mixed pictorial-verbal displays, 
A final intent of the research was to explore and index any 
phenomenal differences between the encoding single and mul­
tiple code displays as these encodings are represented by differ­
ences in the perceived duration of brief exposures. 
General Approaches to Pattern Recognition 
One general distinction that may be made in considering the 
voluminous literature of visual pattern recognition is the theoret­
ical orientation of the respective research efforts. There seem to 
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be two general approaches to identifying the operations involved 
in word processing, a structural and a semantic or lexical ap­
proach (Manelis, 1974)* 
Structural Approach 
The structural approach refers to a hierachical progression 
of operations performed on the visual input which eventuate in 
recognition of the stimulus pattern. Such analysis might be con­
ceptualized as beginning with a process of extracting contours and 
spatial characteristics of the input followed by neural transfor­
mations and associative processes which produce the name, super-
ordinate category, and finally the meaning of the presented pat­
tern (see e.g., LaBerge and Samuels, 1974)• T/Vhile it is not al­
ways made explicit, it is usually the case that "higher" levels 
of processing must av/ait the completion of initial operations 
before the products of such high level analysis may be employed 
for response reqnirpment.s. Tuls has been the general position of 
many proponents of what has been referred to here as the structural 
approach (e.g., Gibson, 1965; Rumelhart and Siple, 1974; Spoehr 
and Smith, 1973)* 
Structural interpretations generally make a passive versus 
active distinction between early and late stages of processing. 
The initial stages have been conceived as passive and automatic 
in the sense that they occur without any conscious effort on the 
part of the perceiver while later processing is active and either 
requires or is facilitated by allocation of attention (Mewhort, 
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1967; Norman, 1969)* A corollary of this issue is the degree to 
which the various processing stages may benefit from strategies 
or processing options that might be available to the subject 
depending upon the task demands involved. The initial operations 
are thought to occur in parallel and to be invariant in that they 
cannot be modified by attention or conscious strategies (however, 
cf. Keele, 1972, 1973; Posner and Keele, 1970). On the other 
hand, higher-order operations such as those necessary to derive 
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meaning or to make certain classifications are thought to be mod­
ifiable in that they are to a greater extent under the control of 
the subject and thus may be optimized by various strategies 
(Atkinson and Shiffrin, 1968; Dick, 1971). 
Both the structural and lexical approaches have^ for the most 
part, addressed themselves to the 100-year-old problem of the 
influence of the perceiver's familiarity with the presented stim­
ulus uyOii prucestsiiiga Catteli (1Ô5Ô) first noted differences in 
the recognizability of familiar and unfamiliar stimuli. It is 
well documented that responses to familiar patterns are more accu­
rate and more rapid than those for unfamiliar patterns (Baron and 
Thurston, 1973; Gibson, Shurcliff and Yonas, 1970; Manelis, 1974; 
Miller, Bruner, and Postman, 1954; Pollatsek, V/ell, and Schindler, 
1975; Keicher, 1969; Smith and Haviland, 1972; IVheeler, 1970). 
The central issue for verbal material has been whether the facu­
ltative effect found for meaningful v/ords is due primarily to a 
"perceptual" advantage in processing familiar letter sequences or 
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rather to a "linguistic" effect derived from the "wordness" or 
meaning of the word. The structural approach seeks to explain 
the familiarity effect in terms of the orthographic regularities 
of written language (Egeth and Sleeker, 1971; Gibson, Osser, 
Schiff and Smith, 1963; Mason, 1975) or some syllable-like unit 
or phonological code (Gibson, 1965; Spoehr and Smith, 1973» 1975)* 
In general, the proponents of the structural approach adhere 
to a linear model of processing input information. The model is 
linear to the extent, that stages which occur late in the processing 
sequence cannot begin until earlier stages have been completed. 
Another important characteristic of linear models is that sub­
sequent processing stages can neither expedite nor modify the 
initial stages in the processing sequence. Thus, the final 
products of processing which are pertinent for the decision phase 
of a response are obtained from a serial flow of abstracted infor­
mation from input to output. 
Lexical Approach 
The theoretical orientation vmich is here called the lexical 
approach attempts to account for visual processing of verbal 
material by referring to the availability of verbal units residing 
in memory (Krueger- 1970)» The concerns of this approach to word 
perception are not primarily with the relations among component 
letters in a word, but rather the availability of the whole word 
in lexical memory. An item's availability in memory is typically 
regarded as some composite of the meaningfulness of the word, the 
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sensory and contextual cues specific to a given word, and the 
frequency with which the word occurs in general English usage. 
The greater the degree of familiarity of a presented word, the 
more readily will it be processed relative to a less familiar 
or less frequent word. The processing advantage for the familiar 
stimulus is due to threshold differences in availability for the 
presented words in lexical memory rather than some facilitation 
among component letters which then allows the hierarchical opera­
tions in the^sequence to occur more rapidly* In other words, the 
advantage of familiarity in the lexical approach is effected more 
by linguistic or memory processes than by perceptual or visual 
ones. However, some writers with a lexical viewpoint (e.g., 
Morton, 1969) would hold that their position is not necessarily 
contradictory to the structural approach, and is perhaps more 
accurately viewed as an expansion of the structural position so 
as to include a semantic component in the seanRTirp of operations 
which eventuates in word recognition (Morton, 1969)« 
In general, the proponents of the lexical approach emphasize 
the semantic component of processing in the sense that it enables 
coding of dimensions which are verbal rather than visual, not in 
the sense that applies to the production of associations. Letter 
sequences that contain semantic information permit more nearly 
direct contact with phonemic, name, and meaning codes which are 
non-visual and may facilitate memory search processes and/or 
enhance the storage and comparison processes necessary for response 
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output (LaBerge and Samuels, 1974). This does not mean, however, 
the the influence of semantic information is restricted solely 
to verbal abstractions of the physical input* Familiarity ac­
cruing from semantic aspects of letter strings may also have the 
perceptual advantage of speeding up the encoding of visual codes 
at the earliest stages of processing, as well as affecting storage 
and subsequent memory processes. 
Another kind of influence of semantic information is suggested 
by. inferential processes which may allow reconstruction of the 
visual code even.when it is imperfectly perceived due to very 
brief or severely degraded input (Estes, 1975; Neisser, 1967). 
This conceptualization suggests some interaction rather than in­
dependence of perceptual and linguistic processes and may be the 
most parsimonious means of accommodating the diversity, of empirical 
evidence (See for example, the review of the literature by Brewer, 
1^72)e To the extent that various processing stages may be in­
dependent of and modify each other, the operational model may be 
non-linear, and the flow of information within the system is not 
restricted to a serial sequence# 
Combination Approach 
Another approach to word perception combines some aspects of 
both the lexical and structural approaches. Theorists of this 
persuasion tend to conceptualize an interaction of perceptual 
and semantic factors in interpreting visual processing of verbal 
material» The general notion from this view is that semantic 
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information stored in memory serves to modify the operation of 
perceptual processing of input stimulation. According to this 
approach, the internal representation or neural encoding is cate­
gorically different when the input configuration is of the nature 
of verbal material than when it is not (Paivio, 1971; Posner, 
Lewis and Conrad, 1972; Reed, 1972). That is, when words are 
presented for processing, the perceptual product that obtains is 
in the form of a "verbal code", whereas the product of perceptual 
processing for geometric forms or random figures is a spatial 
pattern of relations among lines, angles, contours and contrast 
ratios. This distinction has been regarded as a visual code repre­
sentation for nonverbal stimuli and a verbal code representation 
for stimuli carrying semantic information (Scheerer-Neumann, 1974)» 
This theoretical orientation holds some crucial implications 
for the basic processes involved in pattern recognition that are 
Tint, incnrpur-at.ed iuto the other- twO approaches discussed above. 
In particular, the idea of active interaction between memoric 
and perceptual processes suggests some low-level analysis 
sophisticated enough to produce categorization of the input as 
being verbal or not prior to storage of that input. Moreover, the 
categorization of the input must be completed before awareness of 
such categorizing is made available for conscious recognition. 
The problems inherent in this type of formulation have been 
addressed and debated by proponents and opponents of "subliminal" 
perception for some time, and as yet, no consensus or resolution 
has been advanced (Erdelyij 1974; Eriksen, 1958; Goldiamond, 1958), 
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The implications regarding mental operations that may function 
within or beyond the limits of conscious awareness are closely 
related to the concept of automaticity in visual processing. It 
has been proposed by researchers with an interactional approach 
that certain aspects of the initial (perceptual) processing may 
generate semantic information automatically and thereby result 
in verbal codes v/ithout conscious processing as a prerequisite 
(LaBerge and Samuels, I974). The idea here is that the usual 
hierarchical structure of processing stages which eventually 
result in verbal codes may, through learning, be shunted to effect 
a direct contact of semantic information from certain perceptual 
features. Once the "word code" has been activated, it may then 
be used for comparison with other inputs to perform a matching or 
classification task» The comparison operation would presumably 
» 
require conscious control or attention, but the activation of the 
semauiic uiiit iii iueiuOry wuUld prOteSb auLûmciLlually âiid witiiOUt 
attentlono A more detailed discussion of these issues will be 
addressed in the Attention and Control section of this revieWo 
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BASIC ISSUES IN WORD PROCESSING 
In order to reveal the complexity of parameters underlying 
the process of word recognition, the following section will 
present a selective review of the literature and research concern­
ing some basic and unresolved issues in word processing. 
Word Familiarity and Frequency 
There can he little doubt that adult subjects possess a 
functional acquaintance with the relative frequency of word occur­
rences in general English usage and that frequently occurring 
words are afforded a processing advantage. For example, Henle 
(1942), Soloman and Howes (1951)» and Soloman and Postman (1952) 
all found lower tachistoscopic recognition thresholds for high-
frequency than for low-frequency words or for single letters. 
A simple inference from these data might hold that words have 
lower recognition thresholds because they occur more frequently 
than non-word letter combinations and are therefore more easily 
processed than non-words. Hence, superior performance for words 
is due solely to their frequency advantage over non-words. 'That 
single letters can be more easily identified in word contexts 
than when presented alone is likewise a result of their occurring 
more frequently when embedded in meaningful words than when not. 
Testing this possibility, 7/heeler (1970) compared recognition 
performance on the single letters _I and A, which are also high 
frequency English words, with performance on those letters in the 
context of four-letter words. V/heeler found that the letters I 
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and A were still more easily recognized in the context of four-
letter words. 
The superior performance of subjects for frequent over in­
frequent words has been attributed to either of two processes 
(Baron and Thurston, 1973)• High-frequency words may simply be 
easier to perceive due to a greater ease of information extraction 
for subsequent encoding of high frequency words into memory. 
Alternatively, since recognition involves access to a subject's 
memory for the object being recognized, access to memory may be 
easier for more frequent words than for less frequent ones. The 
distinction between these processes is basically a perceptual effect 
versus a memoric one. However, word frequency alone cannot account 
for the numerous findings of facilitated reco,?nition for meaning­
ful letter clusters relative to meaningless ones (Krueger, 1970; 
Manelis, 1974; Mezrich, 1973)* 
Familiarity is the general term used to describe the fact 
that perceivers respond differently to novel stimuli than they do 
to stimuli with which they have had prior experience. The degree 
of familiarity is not a property of the stimulus, but of the 
perceiver. Prom the extensive research efforts and literature 
concerning the effects of familiarity upon visual processing, the 
picture that emerges suggests multiple components or "types" of 
familiarity that may be operative depending on the conditions of 
the investigation. Quite a diversity of results has been obtained 
with different kinds of parameters manipulated and various 
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behavioral tasks used to index and measure familiarity effects* 
But, as pointed out by Krueger (1975) in his recent review of 
this literature, there is no clear delineation of conditions 
under which familiarity effects may occur» The message that does 
come through the plethora of findings is that several aspects of 
familiarity may be operating, depending upon the "strategies" 
employed by the subject in responding and upon the particular 
contexts comprising the various experimental situations. 
Familiarity in word recognition experiments is commonly 
varied in two ways: (1) by selecting stimuli in terms of their 
frequency of occurrence in English usage, assuming that the more 
frequently occurring stimulus is more familiar, and (2) by 
arranging letters in strings so that they constitute various levels 
of approximation to regular English words» Letter sequences 
least like English (termed zero-order approximations) are con­
structed by selecting successive letters according to a table of 
random numbers. Closer approximations to the statistical structure 
of English are arranged by increasing the number of preceding 
letters that constrain the selection of each succeeding letter. 
Data obtained by Miller, Bruner and Postman (1954) are repre­
sentative of the effects upon recognition performance found with 
variations in order of approximation to English. 
Miller et al,, presented zero- to fourth-order approximations 
tachistoscopically and found that the number of letters correctly 
identified increased both with an increase in exposure duration 
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and with an increase in the order of approximation to English. 
These results have been attributed to a memoric encoding process 
of "chunking" information contained in different letter sequences. 
The idea is that familiar letter sequences like _st, tion, qu 
may be processed together as a unit rather than processing each 
component letter individually. In this manner, chunking reduces 
the amount of information that must be processed. Thus, although 
the same amount of information is presented, more letters may be 
reported from familiar sequences than from unfamiliar ones. 
A very similar interpretation for an abundance of evidence 
has been offered by Gibson and colleagues (Gibson, 1965; Gibson, 
Pick, Osser and Hammond, 1962; Gibson, Shurcliff and Yonas, 1966). 
These authors argue that words are perceived better than non-word 
letter strings because the perceptual units of processing are 
spelling patterns (SPs) for words but the individual component 
letters are the processxng un^ts for nonsense utrxngs. Gibson 
et ale, (1962) initially defined spelling patterns as letter 
clusters that have a specific and invariant spelling-to-sound 
correlation according to the rules of English. Such a definition 
allows only letter clusters that are pronounceable to become the 
effective spelling pattern units for perceptual processing. 
However, Gibson, Shurcliff and Yonas (1966) found a significant 
advantage for pronounceable SPs over unpronounceable ones even 
when the subjects were deaf. Therefore, hearing or speaking words 
cannot serve to confer unity on different SPs* Gibson et al,, 
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have changed their definition of SPs to letter clusters that are 
permitted by the orthographic structure of English words. For 
example, the spelling patterns TO and ING may serve as the 
functional units of perceptual analysis while and GNI could 
not, and therefore are not SPs. The processing advantage that 
SPs afford is a reduction in the amount of information that must 
be analyzed for a given sequence of letters, 
A similar conclusion was reached in a convincing demon­
stration by Mewhort (1967)• He used a partial report procedure 
in which one of two tones (sounded after stimulus presentation) 
indicated which of two rows of zero- to-fourth order arrays was 
to be reported. More letters were correctly reported from fourth-
order arrays than from zero-order arrays. Moreover, the familiar­
ity of the row not reported also affected the accuracy of the 
report, suggesting that all of the stimuli were processed to some 
ucgree even if iiùt x-epOx-L«ùe In «a uLLempL to determine how these 
differences in accuracy were produced; Hershenson (1969) tested 
recognition as a function of letter position in Y^letter strings 
of letters of four different approximations to English, He found 
that recognition accuracy across the seven letter positions related 
directly to order of approximation (accuracy declined least across 
letter positions for English words and most for zero order approxi­
mations) • 
In a similar study^ Wolford and Hollingsvrorth (I974) inves­
tigated letter recognition as a function of retinal location and 
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the position occupied by a letter within a string. These authors 
presented subjects with nine-letter arrays at different retinal 
locations and had subjects report as many letters as possible in 
a left-to-right order. Their results showed that retinal location 
had an effect at all string positions but that the effect was 
especially marked at the middle string positions. That is, the 
middle string letter=positions were affected more by varying the 
locus of retinal stimulation than were either the initial or end 
letter-positions of the string. When retinal location was held 
constant, effects for string position were larger than when retinal 
location was also varied. From these results, Wolford and 
Hollingsworth concluded that the probability of a letter being 
correctly identified is a composite of its position in the string 
of letters with which it was presented and its location on the 
retina; the closer to the fovea, the higher the recognition 
probability for letters tu lue rigkl and leTl oî the string ceuter. 
From these investigations5 it appears that regularities of 
allowable English grammar and the habits acquired in learning 
to read English provide at least one source of effects. Of course 
any interpretation of "familiarity" based on grammatical rules or 
regularities of orthographic structure is ultimately a frequency 
of experience concept and therefore does not shed much light on 
the underlying processes mediating effects of familiarity. That 
is, it remains unclear as to whether effects of "familiarity" 
operate on input processes, output processes, or the whole continuum 
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of processing which generates responses to external stimulation# 
For example, it may be that familiar materials can be put into 
storage in such a way that they are more accessible (e.g., Tulving 
and Pearlstone, I966). On the other hand, more of the familiar 
may be put into storage than of the unfamiliar (Aderman and Smith, 
1971). 
The effects of familiarity in word recognition are complicated 
further by the measure of performance employed in attempting to 
index their influence. Posner and Mitchell (1967) compared 
performance in a letter-matching task with that for matching letter­
like forms presented under the same instructions. Their purpose 
was to determine whether matching unfamiliar forms was similar 
to matching letter-forms which are highly familiar. They found 
that familiarity did not improve matching accuracy in the percep­
tual matching task. Contrary to these results, Krueger (1970) 
• did find 3. fclClli'tci.'ting effect of Wîléa reaction 
time was the measure of performance rather than response accuracy» 
That is, it took less time to find a target letter in a string of 
letters when the string spelled a meaningful word than when it 
made no sense. Krueger also showed that this effect did not hold 
when the letters were arranged in a vertical column. From this 
unexpected finding, Krueger concluded that the unusual vertical 
letter arrangement (with respect to reading English) prevented 
the normal contribution of meaningfulness. He further suggested 
that when processing meaningful arrays of letters of varying 
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approximation to English words, perceivers scan the figurai units 
in a left-to-right sequence, attaching a letter name to each 
letter configuration. These verbal labels are contained in 
short-term-memory, and when transferred to a response organization 
process, they provide faster recognition for letters comprising 
meaningful words than for those that do not. 
In'a study similar to those just cited, Eichelman (1970) 
compared response latencies for matching two, four, and six-letter 
words with those for matching letter strings of two, four, and 
six letters* He found that matching words was a faster process 
than matching letter strings and that the difference between the 
words and nonsense strings increased as the number of letters in 
the stimulus increased. In addition, Eichelman found that reaction 
time was a decreasing linear function of the number of letters 
which were different in the stimuli to be matched. Eichelman 
rejected the idea thaL Ihe mai-cheS mere lieiag made Où. Hit: uàsis ùT 
word namese Instead, he argued that familiarity had its effect 
by making seas physical characteristics of wrds mors salient. 
He suggested that words are seen as "wholes" while letter arrays 
remain only strings of letters. The mechanisms implicit in this 
interpretation concern the size of the processing units in word 
recognition. Hence, the effect of familiarity is thought to occur 
upon the input side of the processing sequence. 
Another perceptual processing account for words over non°words 
is the "vocalic-center-group" (VCG) notion advanced initially 
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by Hansen and Rodgers (1965) and elaborated by Spoehr and Smith 
(1973> 1975)# The VCG is a syllable-like structure which governs 
the parsing of perceptual units for linguistic processing of 
verbal input. The VCG is defined as the minimal pronunciational 
unit within which all of the pronunciational constraints can 
be specified (Hansen and Rodgers, 1965), Spoehr and Smith combine 
the orthographic rules of English with the VCG notion and propose 
that familiar letter sequences are segmented accordingly, assigned 
an acoustic or articulartory code, and may be "named" by overt 
or covert speech. Such processing is more expedient and less 
demanding than that required for unfamiliar (non-word) letter 
sequences. In their most recent study, Spoehr and Smith (1975) 
presented subjects with unpronounceable English spelling patterns 
(BLST), unrelated anagrams, pronounceable spelling patterns (BLOST), 
or meaningful words and tested for detection accuracy of certain 
ocû-gel leLlei-tt uL all string poaitionao The results of this study 
showed clear effects of letter string type only» Probability 
for correctly recognizing target letters was best for word strings, 
worst for unrelated letter strings, and spelling pattern strings 
differed significantly from both unrelated letters and pronouncea= 
ble letter strings. These recognition differences were interpreted 
by Spoehr smd Smith as resulting from the number of recoding steps 
needed to convert letter groups first into syllable-like units, 
and then recoding to phonological codes for speech output (although 
no such vocal output was required). 
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Redundancy and Meaning 
An alternative notion to the SP hypothesis suggests that the 
perceptual units processed in word recognition are indeed single 
letters, and, by implication, words cannot be perceived as wholes 
(Thompson and Massaro, 1973)» Superior performance for words 
over non-words and letters alone results from redundancies in the 
English language rather than larger perceptual units for words» 
The process implied here is a memoric one which operates at a 
stage of processing after the perceptual construction of the visual 
icon. That is, the subject's knowledge of the redundancy of English 
letter combinations enables him to use the letters (or features 
of the letters) that may be analyzed first to make inferences 
about the remaining letters or features, and thus the remaining 
letters or features need not be fully analyzed (Smith, 1969; 
Wheeler, 1970)# In other words, short-term-memory of the possible 
alternatives in a forced chcicc recognition task serves to reuuce 
the perceptual analysis of the output of the segmentation stage, 
possibly by reducing the number of features considered in a 
feature-testing process® For example, if a meaningful four=letter 
word is expected and presented, the influence of redundancy v/ould 
allow the responses WORK, TORM, WORD or WORN when in fact only 
WOR-had been seen by the subject. 
Recently, Thompson and Massaro (1973) have suggested that 
inadequate control of contextual redundancy is responsible for 
the word superiority effect in several investigations (e.g., 
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Aderman and Smith, 1971; Gibson et al«, 1962; Krueger, 1970; 
Reicher,-1969; IVheeler, 1970)» Thompson and Massaro's criticism 
concerns Reicher's (1969) probe technique. This procedure 
involves presentation of a stimulus configuration followed by a 
pair of forced-choice alternatives at the string position occupied 
by the probed-for target letter, Thompson and Massaro (1973) 
claimed that presenting test alternatives after the stimulus 
presentation allows the subject to synthesize the contextual 
letters and thus reduce the number of possible alternatives for 
correct target letter identification. That is, upon recognition 
of the choice pair, the initial stimulus configuration is 
retrieved from memory and provides a context that constrains the 
number of alternatives only when the context forms a meaningful 
word. By informing the subject of test letter alternatives prior 
to the experimental session, Thompson and Massaro eliminated the 
contribution from redundancy of contextual letters and found 
detection accuracy for letters alone to be 11% greater than for 
words. They argued that control for redundancy must precede 
perceptual synthesis to effectively stop its operation on word 
stimuli. Regarding the difference in size of the units analyzed 
with word vso letter stimuli, Thompson and Massaro argued against 
a perceptual unit larger than a single letter, 
Sti-orçer evidence for single symbol perceptual units has been 
offered by Mason (1975)o According to this author, single letter 
identification is facilitated by the spatial and sequential 
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redundancies of orthographic rules for written English, Spatial 
redundancy is defined in terms of the correlation between 
distinctive features of letters and the positions they most 
frequently occupy in printed English, Mason investigated detection 
latencies of good and poor readers for target letters within 
six-letter strings of various spatial redundancy levels. Subjects 
were shown a target letter followed by a six-letter string and 
were instructed to press a "Yes" key if the target was present and 
a "No" key if not present. 
Mason's results differentiated good and poor readers by their 
abilities to use spatial redundancy in a single symbol search 
tasko The crucial finding of this study was that search time for 
good readers was faster through non-word letter strings with high 
spatial frequency redundancy than they were for six-letter words 
of low spatial frequency redundancy. Search times for both good 
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redundant displays^ Mason interpretated her results as being 
consistent with a linear model of processing and that letter 
recognition may be understood in terms of the redundancies and 
orthographic regularities of printed English, without recourse to 
higher-order linguistic processes or perceptual units larger than 
single letters. 
Investigating the effects of sequential redundancy. Smith and 
Haviland (19?2) were unable to eliminate the word superiority 
effect when words and non=v/ords were experimentally equated for 
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redundancy. They controlled for redundancy by generating stimulus 
words and non-words from identical rules, thereby equating the 
stimulus sets for distributional sind sequential redundsincy. 
Smith and Haviland found that tachistoscopically presented words 
were still more accurately perceived than non-words, and argued 
that their results demonstrate fewer units to extract and 
analyze in a word than in a non-word. Collectively, the findings 
of Gibson et al,, (I962), Mason (1975)» Smith and Haviland (1972), 
and Thompson and Massaro (1973) indicate that words, letter clusters 
(SPs) and single letters may all comprise perceptual units and 
that processing of the larger unit may serve to reveal rather than 
conceal the included smaller units. 
Mechanisms that involve memoric processes to produce differ­
ential perceptibility for words either implicitly or explicitly 
imply an influence from word meaning. Whether meaning facilitates 
woi-ù pervepLiua ia an unresolved issue, Some evidence suggests 
that meaning has, at best, only a minimal influence on word 
recognition* For example, Colegate and Eriksen (1972), using brief 
exposures of CVCs (consonant-vowel-consonant) and CGCs (consonant» 
consonant-consonant), found meaning and pronounceability to have 
little influence on correct detection of a target letter0 
Similarly, Matthews and Henderson (1971) tested foveal letter 
recognition of an A, Eg 0, or U, presented alone or in contexts 
consisting of rows of eight Xs, Hs, or Os, They found more accurate 
recognition for vowels presented in any context-»-all of which were 
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meaningless—than when the vowels appeared alone. Since this 
study did not employ any meaningful words, one can conclude only 
that meaning is not necessary for facilitating letter recognition. 
A more definitive statement regarding the effects of meaning 
upon word recognition can be made from the efforts by Baron and 
Thurston (1973) and by Egeth and Blecker (1971). In a series of 
experiments, Baron and Thurston (1973) manipulated orthographic 
regularities of words, non-words, and letters of chemical formulas. 
Specifically, the word superiority effect, as Baron measured it, 
held just as strongly for orthographically regular non-words 
such as CONT as for words such as CAOT. Baron proposed that the 
effect was due to an early stage of visual information processing 
which could make use of knowledge of orthographic regularities, 
or possibly pronounceability, but not meaning or "wordness". 
In the last experiment. Baron and Thurston (1973) presented 
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He reasoned that these formulas are spelled by conventional 
rules and that they possess no meaning by themselveso Further, 
he measured latency performance using both professional chemists 
and non-chemists as subjects. Baron found that reaction times for 
the chemists were faster for formulas presented forwards, while 
for the nonchemists, reaction times were not different for the 
letter arrangements. Baron concluded that facilitation effects 
were produced by knowledge of spelling regularities and redundancies 
rather than meaning. 
Results inconsistent with the above interpretation have been 
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obtained in a recent study by Manelis (1974). Manelis argued 
that conditions under which meaningfulness was not found to have 
an influence do not rule out the possibility that meaningfulness 
can have an effect on recognition processing. The empirical and 
theoretical significance of the possibility prompted Manelis 
to design an experiment that would optimize a meaningfulness 
effect rather than discourage it, as did Baron and Thurston's 
(1973) study. Manelis (1974) used pairs of high frequency word 
and non-word pairs as forced choice alternatives for single-letter 
probing of all positions in 4-letter word or non-word tachisto-
scopic presentations of 10-38 msec. The word and non-word pairs 
differed only for a single letter position on any trial (e.g., 
BAND and LAND for a word trial or BANT and LANT for a non-word trial). 
Thus, the non-words were pronounceable, orthographically legal 
letter strings that simply had no meaning. The results showed that 
proportion of correct recognition was significantly better for 
meaningful words at any letter position than for non-words, Manelis 
argued that the data suggest that whole words may be processed 
as single units to effect a processing advantage over conditions 
when input features must be extracted on the basis of smaller 
units. 
While adequate control for redundancies may be shown to influ­
ence the facilitative effect of familiarity, there can be little 
doubt that multiple dimensions are available for processing when 
verbal materials are used (Keele, 1972; Lewis, I97O; Posner, 1969; 
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Wickens, 1972)• The available evidence suggests that several 
dimensions of the input are encoded when words are presented, 
such as the meaning of the word (Manelis, 1974)» the super-
ordinate category of the word (Wickens, 1972), semantic associates 
of the word (von Wright, Anderson, and Stenman, 1975; Warren and 
V/arren, 1975)> and the name of the word (Rubenstéin, Lewis and 
Rubenstein, 1971)» In fact, processing several of the avail­
able dimensions for word stimuli seems to be automatic in the 
sense that subjects cannot avoid certain characteristics of word 
stimuli even when they are irrelevant to the task (Keele, 1972; 
von Wright et al., 1975; Warren, 1970, 1972; Warren and Warren, 
1975)# The effect of meaningfulness per se is important to any 
model of visual processing. The question that remains is; where 
in the processing sequence can the influence of meaning be 
achieved? It has become clear that the answer to this question 
must take into account the particular conditions of the experiment 
as well as the strategies and options that a subject may employ 
to maximize his performance in the experimental task (Estes, 1975). 
Strategjies and Context 
There is a grov/ing body of evidence that collectively suggests 
that several processing strategies may be operational for letter 
recognition depending on the stimulus conditions and task 
requirements employed in the experimental situation (Coltheart and 
Freeman, 1974; Estes, 1975; Travers, 1974)* This possibility 
means that much rerevaluation is needed for all the research 
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concerning word and letter recognition. Interpretations 
accompanying experimental findings must be reconsidered cognizant 
of the possibility that methodological variations may have 
encouraged certain processing strategies while discouraging others 
and thereby forcing the results obtained. Strategy-dependent 
results have been obtained by several recent investigations of 
word and letter processing. 
Attempting to isolate the units of visual word perception, 
Taylor, Miller and Juola (1975)» presented two successive six-
letter strings printed in either a single letter case, (upper or 
lower) or in one of several letter case mixtures, (2-lower 
4-upper, 3-lower 3-upper, if-lower 2-upper, 2-lower 2-upper 2-lower, 
alternating, or intact—all upper or lower) and measured latencies 
for same-different judgments. The experimental rationale was 
that letter case alternations would disrupt perceptual units 
larger than single letters. The experiment employed rour different 
groups of subjects that saw either; a) all words b) 75% words and 
25% pseudowords c) 50% words and ^0% pseudowords or d) 25% words 
and 75% pseudowords. 
The results of Taylor et al., showed that performance was 
» 
significantly better for intact (no case alternations) words than 
for any number of case alternations employed, suggesting that 
whole-word units may be effective when processing meaningful words* 
More importantly however, their between-group comparisons showed 
a larger relative advantage in matching latency for intact words 
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over intact pseudowords when compared to the average latency 
advantage for words over pseudowords across letter case alter­
nations. That is, matching latency was shorter for words with 
any number of letter case alternations than for pseudowords with 
comparable case alternations, but the latency differences were 
even greater for intact words relative to intact pseudowords. 
In addition, they found that RT increased monotonically with 
increasing numbers of letter case alternations suggesting that 
spelling patterns were the effective processing units where case 
alternations permitted, and that processing units were as small 
as single letters when the case alternated for each successive 
letter. The authors concluded that word perception is based on 
whole-word units when only words are being judged but that spelling 
pattern units play the major role when both words and pseudowords 
are judged. Hence, the manner in which information is encoded and 
processed is at least partly determined by the particular demand 
characteristics of the experimental conditions. 
Differential encoding strategies induced by the experimental 
situation are also apparent in a study by Kezrich (1973)« He 
proposed that words can be perceived differently than single letters 
because letters are processed in a primarily spatial manner, and 
words in a primarily verbal manner. Therefore, Mezrich reasoned 
that if subjects were forced to encode single letters verbally, 
there should be a considerable enhancement in recognition accuracy. 
He found that requiring subjects to vocalize stimuli immediately 
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after they were presented produced better recognition for single 
letters than for words. This complete reversal of performance 
provides strong evidence for the influence of processing strategies 
upon experimental outcomes. 
The notion that performance may be "set" by methodological 
particulars or task instructions is not new. k major concern 
of Ach (1905)? Orth (1905); Watt (190$) and many others 
of the V/urzburg school was to reveal the affects of purpose or 
Aufgabe upon the thought process itself. The investigators of 
this influential school conducted numerous demonstrations of the 
effects of setting up in the subject a specific response set or 
Einstellung. They provided a seminal influence for concepts that 
are still retained and utilized in "modern" theory and research, 
and have earned a landmark position in the history of psychology. 
In addition, much of the Gestalt work at the turn of the century 
focused on "setting" the subject to be sensitive for certain 
attributes and thus modify the perceptual organization of a 
stimulus pattern or maximize (and interfere with) problem solving 
efficiency (Kohler, 1917)# It is well documented that perceptual 
accuracy for a critical attribute may be significantly increased 
by setting and manipulating the expectancies of subjects (Egeth 
and Sleeker, 1971; Haber, I964, 1966; Harris and Haber, 1963; 
Jonides and Gleitman, 1972; Posner and Snyder, 1975)* 
Representative of the effects of expectancy on recognition 
performance is a study by Aderman and Smith (1971)« These authors 
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presented subjects with clusters of spelling patterns or strings 
of unrelated letters under different instruction conditions. They 
found that when subjects' expectancies were confirmed, performance 
was better with spelling patterns than with unrelated items, but 
no performance differences obtained when the expectancies were 
not confirmed. These results are another indication of the inter­
dependence of experimental paradigms and different processing 
strategies» 
A compelling demonstration of the influence of experimental 
context and the processing strategy employed by the subject was 
a study by Jonides and Gleitman (1972). They presented subjects 
with the symbol "0" in the context of either all letters or all 
digits. Subjects in one condition were instructed to detect the 
presence of the letter "0", and in another condition to search 
for the digit zero* They found latency of target detection to 
ue Uiicifret&ed by increasing the number of distractor items when 
distractors were of a different conceptual category; when 
distractors and target items were of the same conceptual category, 
performance was a linearly increasing function of the number of 
distractors in the display. Thus, subjects initially made a 
category distinction and optimized their performance by using 
different processing strategies depending upon the designation 
of the target category» 
The evidence for contextual variables operating in conjunction 
with a wide range of processing options makes it quite clear that 
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consideration must be given to the potential contribution from 
these variables in any measure of performance. The influence 
of context and strategies must also qualify the interpretations 
that may be made regarding the variables that were intentionally 
controlled and manipulated in an experiment. It is now apparent 
that an adequate knowledge of processing information in the visual 
system must include a thorough understanding of the effects of 
context and strategies. 
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AUTOMATIC VERSUS CONSCIOUS PROCESSING 
Within the past ten years there have been numerous models of 
information processing advanced to account for the wealth of 
literature and experimental findings in visual and auditory 
perception. Since it had become clear that any understanding 
of these modes of sensory input must include past experience, all 
processing models have attempted to represent the operations of 
both perceptual and memoric processes and their interactions. 
These modeling attempts emphasize both the automatic nature of 
certain operations in the processing sequence and those operations 
that require conscious direction or attention. The boundary 
between automatic and conscious operations is not fixed, however. 
Visual processing that initially requires effort or concentration 
may, through repetitive functioning, occur with less conscious 
effort and become eventually automatic. It has long been apparent 
that practice and learning, especially with motor skills, improves 
the efficiency of the skill so that it may be performed auto­
matically, or in a habitual sense that does not require attentive 
monitoring. In I9O8, Huey commented as follows on the development 
of automaticity in learning; 
"To perceive an entirely new word or other 
combination of strokes requires considerable 
time, close attention and is likely to be 
imperfectly done ^nitlalljg» « «repetition 
progressively frees the mind from details, 
makes facile the total act, shortens the 
time, and reduces the extent to which 
consciousness must concern itself with the 
process" (I9O8, p, IO4)« 
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In a complex skill such as fluent reading, the role of automatic 
processing assumes even greater importance, and an adequate 
model must make provisions for such unattended processing» 
Processing Models 
Neisser's (1967) Cognitive Psychology provided the land mark 
effort to construct a model of visual information processing. 
Reviev/ing and organizing a great deal of experimental v/ork, 
Neisser conceptualized a multi-stage model of perceptual and 
experiential processes. The general framework for the model is 
that visually presented information is initially registered and 
stored (sensory storage) by "preattentive processes" which provide 
for subsequent synthesis and analysis of the input (figurai 
synthesis) in a manner necessary for the intended response. The 
initial processes are passive, non-directed, parallel operations 
which perform a global analysis of the perceptual features of the 
iiiput. Later operations ai'e acLive, aLLewLiuu-dlrecued, and uccur 
in an organized serial fashion# 
Specifically^ the preattentive mechanisms operate simultaneously 
on the retinal pattern to produce the objects (lines, angles and 
contours) which later processes analyze and interpret. From the 
products of the preattentive mechanisms, a visual image or "icon" 
is actively synthesized by analyzer mechanisms which may be 
allocated and controlled by what Neisser calls the process of 
focal attention» Thus, in this model, attention is simply an 
allocation of analyzing capacity to a limited region of the 
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Visual field. The selectivity of this focal attention concept 
must assume that preliminary operations have segregated the 
input on some figurai unit basis. Continuing this logic, it 
becomes possible for a visual pattern, such as an alphanumeric 
character, to be "recognized" as such before the observer is 
consciously aware of the figurai unit segmentation. This 
implication, however, was not made explicit by Neisser but is 
important to note. Neisser leaves the issue of attention open 
for further speculation but suggests that the effects of pre-
attentive processes are restricted to the immediate present, 
and that a conscious act of attention is necessary for a more 
permanent storage of input information. 
This last suggestion from Neisser was based on the assumption 
that tachistoscopic performance that required verbal encoding 
had to be achieved after the formation of the visual icon, 
which varies with numerous stimulus parameters (e.g., intensity, 
duration, masking). Some current evidence would suggest that 
such an assumption is unwarranted (Keele, 1975; Posner and 
Boies, 1971). In addition, the economy of a processing system 
would be greatly enhanced if verbal encoding could occur simul­
taneously with preattentive processes. Actual reading would 
suggest that even associative processes are functioning within 
the time of encoding a label for a pattern of recognized figurai 
units. The entire process of learning to read seems to be one 
of progressive efficiency for verbal and semantic encodings so 
that they eventually occur automatically and without focused 
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attention. 
Several more recent processing models have been proposed 
which specifically allow for automatic encoding of verbal aspects 
of the visual input (Bartram, I974.; LaBerge and Samuels, 1974; 
Posner and Snyder, 1975; Shiffrin and Geisler, 1975)# One of 
the more quantitative attempts to represent visual processing 
has been advanced by Shiffrin and Geisler (1975)* 
The model of Shiffrin and Geisler (1973) incorporates the 
preattentive processes of Neisser but extends these mechanisms 
to function on many features of the input. The authors assume 
that sensory processing is an unlimited capacity process in 
which some of the encoded dimensions of the input may make 
immediate contact with a long term repository of stored features. 
Thus, for many low-level components and some high-level components 
of coding, processing is automatic, occurs in parallel (each 
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After certain critical features are contacted in long term storage 
(LTS) further abstraction occurs in a series of stages of greater 
and greater degrees of transformation and recoding. The 
abstraction process consists of entering (copying?) recoded 
features from LTS into a short-term working memory for attentional 
processing and/or response output. The extent to which various 
features of the input may be processed automatically is determined 
by the combined influence of past experiencej frequency and 
familiarity of the stimulus array. 
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To evidence the unlimited nature of early processing the 
authors draw upon the experiment of Shiffrin and Gardner (1972), 
In this experiment, Shiffrin and Gardner (1972) demonstrate that 
the display size effect, which is a decrease in percent correct 
for increases in the number of display elements, is due primarily 
to increases in confusability among elements for multi-element 
arrays0 The experiment compared letter detection performance 
for simultaneous and sequential presentations of 4-element 
displays in conditions of high and low confusability. The 
assumption from a limited capacity model would hold that attention 
must be divided up among the elements in a simultaneously present­
ed array but could be completely allocated to each element in a 
sequential presentation* The probability of correct detection, 
therefore, should be greater for sequentially displayed than for 
simultaneously displayed items only if initial processing capacity 
was limited. The only obtained difference in performance, however, 
was for high vs. low confusability arrays. No difference obtained 
between successive vs. simultaneous presentations which suggested 
to the authors that sensory processing is non-attentive and lacks 
capacity limitations. In support of their conclusion, Shiffrin 
and Geisler (1973) cite data showing similar effects for the 
auditory and tactile modalities (e.g., Shiffrin, Craig, and Cohen, 
1972), 
The salient feature of this processing model is that contact 
with long-term-memory occurs automatically so as to permit 
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facilitation of extracting features of the input before recognition 
has occurred. Some recent evidence of prerecognition processing 
suggests that some aspects of the input that are familiar do 
indeed make contact with long-term-memory directly and auto­
matically. 
Avant and colleagues (Avant, Lyman and Antes, 1975; Avant 
and Lyman, 1975) have employed a unique paradigm to demonstrate 
what they believe to be an automatic contact between stimulus 
input and long-term-memory. The paradigm presents trials on 
which two forward- and backward- masked tachistoscopic flashes 
are separated by one second, and subjects are asked to report 
which flash is of longer apparent duration. The clock-time 
duration of both tachistoscopic flashes is the same, but parameters 
of the stimuli presented during the flashes are manipulated to 
determine their influence on the apparent durations of the flashes. 
In a representative experiment, the non-word EIO, the vrard DIG, 
and the single letter I were compared in all possible combinations. 
Tue informative result was that presentations of the non-word were 
judged to be of longer apparent duration than equal presentations 
of the word which were judged to be of longer apparent duration 
than presentations of the single lettero Subsequent recognition 
tests showed that subjects could not recognize the stimuli and, 
on occasion, were not even aware that any letters had been 
presented. The interpretation offered by Avant et al., was that 
the facilitated processing enjoyed by the familiar forms relative 
to unfamiliar ones resulted in a phenomenally shorter experience 
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of that event. The important point was the differential processing 
performed on stimuli that were not sufficiently perceived to be 
recognized. Avant et al., argued that the familiar stimuli 
had the opportunity to make direct contact with stored repre­
sentations in LTS and that such contact was made automatically 
without the involvement of attention. The results were 
considered to be consistent with Shiffrin and Geisler's (1973) 
model of processing. 
The concept of an automatic activation of a specific structure 
in memory is one of the most salient features of the theoretical 
model proposed recently by LaBerge and Samuels (1974)« Their 
theoretical position includes provisions for relations among 
visual, phonological, semantic and episodic memory systems as 
well as automatic capacities and an attention mechanism. Visual 
information is processed by all memory systems and may or may not 
be directed by attention. The process itself is a sequence of 
neural transformation stages which are hierarchically organized 
to produce a coding scheme of internal abstractions of incident 
stimulation. The coding scheme allows both for code activation 
due to preceding stage activity and code activation due t® 
attentional control. This model is directed specifically at 
processing verbal material, as the theory is of reading and 
associative learnings 
There are several encodings that may occur in visual memory, 
which is the first stage in LaBerge and Samuels' processing 
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sequence. Registration of the input activates certain feature 
detectors which then activate letter codes which in turn 
activate spelling pattern and word codes. Through learning, 
automatic activation is acquired and word codes may be contacted 
directly by certain feature detectors, such as word shape. But 
before learning can achieve this structural facilitation, code 
activation requires attention. Only one code at a time may be 
activated by attention. Hence, capacity limitations are the 
result of too many letter, spelling pattern, and word codes in 
visual memory all needing attention simultaneously. As 
associative learning improves, more codes are activated directly 
by input features; fewer demands for attention capacity are 
made and more economical processing results. Thus, all of visual 
memory may be activated automatically, freeing attention to be 
focused at later stages such as semantic or phonological memory. 
Each of the subsequent processing stages of a word in route 
to meaning contains several hierarchically organized encodings. 
As linguistic skill develops and reading improves, phonological 
codes may be activated automatically by visual codes, and finally 
word meaning codes are activated directly by the input and without 
attention. In this way, the model allows for processing options 
depending on the experience of the reader. For example, when 
reading is at a fast pace, visual word units or even word groups 
may be attended to while, at a slower reading pace, spelling 
pattern units may be selected and utilized to activate word units 
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at the phonological level. Once the phonological word code is 
activated, the meaning of the word can be elicited by a direct 
associative connection that initially requires attention, but may 
become automatic. Another processing option is that attention 
may serve to activate a code prior to the presentation of its 
corresponding stimulus and thereby increase the rate of processing 
when the stimulus does occur, 
LaBerge and Samuels define automatic processing as that which 
may occur while attention is directed elsewhere. Their attempt 
to investigate this kind of processing involved inducing subjects 
to expect a letter such as "A" by presenting A first as a cue in 
a successive matching task (LaBerge, 1973)« Subjects were 
instructed to press a button only if the letter which followed 
the cue was the same stimulus form. On some trials, a pair of 
letters was presented (e.g., BB) which were different from the cue. 
If the pair of unexpected letters matched, the subjects were 
instructed to respond to the match regardless of the cue for that 
particular trial. LaBerge argued that this procedure would 
yield measures of processing times with and without attention. 
Using familiar letters and unfamiliar letter-like forms (4lr , 
LaBerge found that only the unfamiliar form benefited from attention, 
and matching latency decreased over trials for unfamiliar forms 
but was flat over trials for familiar forms. A comparison of 
latencies revealed that the time necessary to make an unfamiliar 
match was equal to that for a familiar match only when subjects 
were attending» V/hen attention was focused elsewhere, due to 
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an invalid cue, significant differences obtained between familiar 
and unfamiliar matches which suggested that automatic processing 
had occurred. 
One thing that is not made clear in themodel of LaBerge and 
Samuels is the extent to which conscious and unconscious processes 
interact. For example, if a word meaning code in semantic memory 
is automatically activated by visual memory, does the subject 
become aware of the meaning immediately or does awareness require 
attending to the automatically activated meaning? Also not 
explicit is the extent to which conscious control may be invoked 
to supplement automatic activation or to modify codings that 
have become automatic. Presumably, attention may be utilized 
to activate additional associations that are similar to an 
already active meaning code, but can further associations occur 
automatically and if so, would the subject be aware of it? 
These issues regarding the interplay of automatic processing and 
conscious awareness have been treated n.ore thoroughly in the 
theorizing of Posner and colleagues (Posner and Warren, 1972; 
Posner, Lewis, and Conrad, 1972; Posner and Snyder, 1975). 
In much research over the last five years, Posner and Boies 
(1971), Posner et al., (1972) have directly addressed the 
deficiency pointed to by Shallice (1972) that much of current 
theory and research in psychology has ignored the relationship 
between conscious and unconscious mental states. The general 
model offered by Posner and Snyder (1975) attempts to accommodate 
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both unconscious and strategy-controlled processes and to allow 
for their interaction under various performance requirements. 
Specifically, the model depicts visual processing as occurring 
at various levels in which codes are formed that represent the 
incident information* The operations that produce encoding 
of the input are both sensory and associative processes that 
can function with different degrees of conscious direction. 
Processes that occur without entering awareness are considered 
automatic, and these processes are assumed to function independent­
ly of the capacity limitations of the conscious processor. That 
is, automatic processes are carried out in parallel. Encoding 
processes that require the capacity of the "central processor" 
do not occur in parallel but are restricted and ordered by the 
limited nature of the attention mechanism. The codes of certain 
sensory and associative processes may be formed automatically 
on seme cccacionc or under conscious control on others^ 
upon various processing strategies that may be employed. That is, 
processing may be affected by "setting" the subject to expect 
information belonging to a given conceptual category (e.g., 
animals vSo flowers, numbers vs. words) and thereby expedite 
the access to memory of some codes while denying interference 
from others (accessed automatically). Conversely, other sensory 
and associative processes may always occur automatically and will 
function despite attempts to consciously control and direct them. 
This aspect of Posner and Snyder's (1975) model emphasizes 
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operations in the abstraction process which occur without the 
involvement of conscious awareness. What becomes available for 
awareness (i.e., the contents of consciousness) is the result 
of the mental operations of encoding and abstraction, not the 
operations themselves. Comprehension of verbal material is 
accomplished by awareness of the meaning of the printed word; 
not by being conscious of the contact in memory with arrangement 
of arbitrary symbols designating the meaning of the coded pattern. 
Thus, "recognition" is the result of the entire encoding process 
which involves several well-learned mental operations that occur 
automatically and without attention. 
Attention and Control 
There is now available a sizeable body of evidence suggesting 
a distinction between brain functioning which the individual may 
control or direct and those aged operations that go on "unnoticed" 
in the nervous system. But evidence to be reviewed here, as well 
as in the previous sections of this review, makes it clear that the 
boundaries are not fixed or- absolute, nor are they permanent. 
The evidence suggests an interaction of processes that are both 
structured and variably integrated at different points of learning 
and for different "attentive sets," Gradual control over sensory 
processes through learning and attentive integration may become 
expedient enough to operate with gradually less conscious control, 
and will eventually become automatic. This kind of interaction 
between unconscious and attentive functioning is a central theme 
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for the theorizing of Miller, Galanter and Pribram, (196O), and 
Handler (1975)• Perhaps if attention had become respectable for 
research somewhat earlier, the similar notions in the perceptual 
defense and New Look v/ritings would have met with less resistance, 
and would have stimulated more research. In any event, the 
interaction of attention and processing that cannot be consciously 
controlled has been the focus of considerable research and 
theorizing by Posner and many others (e.g., LaBerge, 1973» Lewis, 
I97O; Mattingly, 1972; Moray, 1959; Norman, 1969; Posner and 
Keele, 1970; Posner and Warren, 1972; Treisman, 1964; and Wickens, 
1972), Research concerning attention and processing capacity 
in the auditory modality is more than abundant (e.g., Corteen 
and Wood, 1972; Lewis, 1970; von Wright et al., 1975) but this 
review will be intentionally restricted to visual processing. 
A theoretical conception that depicts verbal encoding without 
attsnticnal control offered by Posner and Boie? (1971)= 
Attempting to separate and examine three components of attention 
(alertness, selectivity, and processing capacity) Posner and Boies 
performed a series of investigations using several experimental 
techniques. In two initial studies Posner and Keele (1970), varied 
a warning signal which preceded a pair of letters that were matched 
on the basis of their physical identity or vowel/consonant 
identity. The results showed that the warning signal had systematic 
effects on latencies with the optimal interval being 150 msec, 
for physical matches and 500 msec» for vowel/consonant matcheSo 
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These results suggested to Posner et al., that encoding could 
be facilitated by alerting the subject. 
To determine the selectivity and processing capacity of a 
central limited capacity system, Posner and Boies (1971) employed 
an auditory probe technique in a visual letter matching task. 
This procedure allows a distinction between the primary and 
secondary task, and an assessment of the effects that each is having 
on the other by comparing the auditory probe latencies with the 
letter matching latencies. 
Specifically, the procedure involved presentation of a warning 
signal (at intervals of .5 or 1 sec. before the first stimulus) 
followed by the first letter of a pair to be matched, which 
remained until the presentation, after an ISI, of the second 
member of the pair. For half the total trials a 50 db auditory 
probe signal was sounded at one of eight probe positions in the 
trial sequence ranging from 3 seconds before the warning signal 
to 2 seconds after the second-presented letter. Subjects were 
told that the letter matching task was primary and were also 
instructed to detect the noise signal as soon as it occurred. 
This procedure was intented to split attention between two tasks^ 
in order to obtain a measure of parallel processing, and to 
demonstrate limited capacity processing. 
The results showed that auditory probe latencies were lower 
if the subject was first alerted by the warning signal than if not, 
but probe latencies were not influenced by the necessity to process 
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the first visual target. This result, Posner claimed, showed 
that early processing of the letter was achieved without 
attentional control. Increases in response latency for the 
auditory probe did not occur until just before, during, and 
after presentation of the second target letter. The interference 
of probe RT's at these locations in the trial sequence suggested 
to Posner the involvement of attention and the limited capacity 
of its nature. The important conclusion from these studies was 
that encoding a visual stimulus may proceed without causing 
interference to the processing of other signals. Therefore, contact 
between an external stimulus and its representation in memory does 
not necessarily require attention or processing capacity. 
Another piece of evidence demonstrating the interaction of 
encoding and conscious processing was provided by Keele (1972), 
Keele used an extension of the Stroop technique to investigate 
automatic and attentive processing. The subject's task was simply 
to name the color of the ink in a visually presented stimulus. 
The stimuli were either pure or mixed Gibson (1963) figures 
(which are combinations of horizontal, vertical, diagonal or 
curvcu ±21168/ ) u co-Lor woras zuizï co-Lor UIÛ nou 
match the word name), or relevent color words (ink color name 
matched the word name). Subjects were instructed to concentrate 
on the ink color only and to ignore the printed form. Keele's 
data showed that the only interference for performance latencies 
was when the word named a different color than the color of its 
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print. Keele concluded that the name of a word made direct contact 
with memory and was processed without attentional control even 
when the verbal dimension was irrelevent to the task. In addition, 
Keele argued that the interference was not at the memory retrieval 
stage of processing but rather that competition among conflicting 
responses caused the performance differences. 
Experiments designed to investigate attention and control 
processes have also shed light on the structure and organization 
of processing. Studies like Warren's (1970) have shown that the 
auditory presentation of three related words (elm, oak, maple) 
activates both their own names and the category name tree. The 
ability to name the color of ink in which the word "tree" was 
printed was impaired over appropriate control ET's after hearing 
the three priming words. Since the task did not require any 
activation of a category name, Warren (1970) argued that the 
category must be activated by virtue of a pre-existing structure. 
On a similar theme, MacKay (1972) showed that a word presented on 
the unattended channel served to disambiguate an attended sentence, 
suggesting a structural relationship between input channels in a 
dichotic listening task. That is, the meaning of the attended 
message could be correctly reported by subjects even though elements 
necessary for the meaning of the attended message were presented 
in the unattended channelo This result suggests that hearing 
comprehension is so structured as to integrate input from both 
the left and right auditory channels, and cannot be consciously 
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directed to inhibit automatic associations from one ear in favor 
of the other. 
Over the past 20 years, the impact upon theory and research 
stemming from attention and control concepts has been quite 
extensive. Perhaps the greatest impact has been the slow 
dissolution of the concepts of perception and memory as unitary 
entities. Most of the modeling theories presented here and their 
supporting evidence can be taken as an obfuscation of the 
traditional dichotomy between perception and memory. The growing 
consensus is to consider the traditionally unitized faculties 
in terms of a single continuum along which human behavior may be 
placed to account for the capacities of perception, attention, 
learning and memory. 
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EXPERIMENTAL RATIONALE 
Recognition of letters, spelling patterns, words,' and pictures 
requires central neural representations of the presented stimulus. 
The representations in the brain of the various physical and 
psychological dimensions of the visual input are generally referred 
to as codes ( e.g., Bartram, 1974; Johnson, 1972; LaBerge and 
Samuels, 1974; Posner and Snyder, 1975; Mckens, 1972). Different 
kinds of codes have been discriminated on the basis of their level 
of abstraction, the relative ease of recoding one from another, 
their respective matching latencies, and their availability for 
retrieval, For example, Paivio's (1971) delineation of codes 
in his encoding redundancy hypothesis argues that retention of 
concrete words and pictures is mediated concurrently by a visual 
and a verbal code, and a "dual" code storage (visual and verbal) 
is more probable for pictures than for concrete words. Thus, 
retrieval performance reflects the average number of codes in 
which a stimulus is represented and is therefore better for 
pictorial than for verbal information. Addressing Paivio's (1971), 
dual encoding hypothesis, Pellegrino, Siegel and Dhawan 
(1975) tested the short-term retention of pictures and words 
following distraction in the acoustic and/or visual modality. 
The authors assumed that visual distraction would disrupt the 
storage and retrieval of visual codes, while acoustic distraction 
would disrupt the storage and retrieval of verbal codes. Their 
results showed that probability of correct report was greater 
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for pictorial than for verbal stimuli when only acoustic distrac­
tion was involved, but no difference in retention obtained 
between the stimulus categories when distraction in both 
modalities was involved. Pellegrino et al,, argued that their 
results demonstrated a dual encoding for pictures but not for 
words. 
Another delineation of codes is the common "two=stage" model 
of human short-term storage. The encoding distinction here is 
that all visual input information is initially represented by 
a "visual code" which is available in sensory (visual) memory. 
At the level of short-term-memory (STM), a visual code of a 
word may be encoded into its "verbal" representation. Similarly, 
transformations at the same processing level (STM) may enable 
the encoding of a pictorial visual code into a verbal 
representation. Subsequent coding transformation and storage 
may lead to the semantic or meaning code of a word, or the 
generation cf the visual code for the object that the word denotes 
(the "visual object code"). In some of these models (e^g*, 
Posner and Boies, 1971; Shiffrin and Geisler, 1973)s initial 
storage proceeds with automatic encoding and without attentional 
limitation; subsequent "verbal encoding" or transformation to 
short-term storage depends upon control processes such as the 
degree of attention paid to the visual code and upon processing 
that is not specific to the input modality. Thus, according 
to these models, different kinds of codes are produced at 
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different memory stages of the processing sequence. 
The alternative to the two-stage memory models is a model that 
assumes a single abstract permanent memory system (e.g., Anderson 
and Bower, 1973; Chase and Clark, 1972; Posner and Snyder, 1975). 
This system is built on the basis of accumulated and organized 
perceptual experience and has multiple access routes, one of 
which involves verbal or linguistic processing. Representations 
contained in the memory system have multimodal attributes related 
to the various types of perceptual experience. Such a model is 
also congruent with the notion that memory involves a processing 
continuum where retention of the input depends upon the depth, 
breadth, or levels of processing and the relation of such' 
processing to the information residing in the permanent semantic 
store (Bartram, 1974; Craik and Lockhart, 1972). Within the 
conceptual framework of these models questions regarding differen­
tial access time to the permanent memory system as a function of 
input stimulus material and the extent of attentional involvement 
may be raised. The research to be reported here attempted to 
address the generation and comparison of singular and multiple 
visual and verbal codes foï high imagery word and pictorial 
stimuli. The theoretical position taken assumed that the 
generation of a visual code is a process of contacting the stored 
memoric representation of the incident spatio-temporal pattern 
in the permanent memory system. Verbal encoding was assumed to 
be a process of contacting, in memory, the name of a word or the 
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verbal label for a picture. Formation of visual and verbal codes 
were conceived as substantively distinct processes that could 
begin simultaneously, and could occur with or without attentional 
involvement. 
Purpose 
The general purposes of this research were twofold. The first 
was to explore any differences in the process of contacting 
visual and verbal codes for both high imagery pictures and 
concrete words. The second was to determine whether differences 
in the encoding of verbal and pictorial information may be 
represented by phenomenal differences in apparent duration 
judgments of brief visual presentations. It was expected that 
this research would provide evidence that would distinguish 
between unitary and two stage memory models, and provide 
additional support for the notion of an early and direct involvement 
of long-term-memory in perceptual processing. 
Paradigms/Measures 
Two experimental paradigms were employed in three separate 
experiments. The first two experiments employed a same-different 
response latency and response accuracy as the behavioral measures. 
The third experiment employed a judged duration measure of 
pair combinations of stimuli employed in the first two experiments. 
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METHOD 
Subjects 
The first and second experiments employed 15 subjects each. 
The third experiment employed 10 subjects. Thus, a total of 40 
undergraduate volunteers from various psychology courses served 
as subjects. All participants received course credit for their 
participation and were required to have normal or corrected-to-
normal vision. 
Materials and Apparatus 
Stimulus materials for all three experiments were pairs of 
pictures, pairs of words, or a pair consisting of a picture and 
a word. The members of each pair were arranged vertically one 
above the other* Experiments I and II also employed single item 
stimuli that were either pictures or words. Pictures were 
drawn from words selected according to the following criteria. 
Word stimuli were chosen from the Thorndike-Lorge (1944) 
AA or A frequency category. In addition, only words having a 
mean imagery rating of greater than 5,75 on the Paivio, Yuille, 
and Madigan (1968) norms were used. Finally, word stimuli were 
restricted to single syllable, four letter words. All Stimuli 
were photographed as 35mm positive transparencies and mounted 
as 2" X 2" slides for presentation in a Scientific Prototype 
Model GB tachistoscope® The three fields of the tachistoscope 
were adjusted to a brightness level of 21,58 cd/m as measured 
by a Spectra Model UB l-j Brightness Spot Meter. 
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The pair stimuli were constructed to subtend visual angles 
within the limited retinal area defined by a 14mm horizontal 
X 18mm vertical rectangle at a viewing distance of 17cm, 
The single item stimuli were confined to a rectangular area of 
12mm horizontal x 7mm vertical centered within the rectangular 
area defined by the pair stimuli. 
Massey Dickenson logic panels were employed to initiate the 
stimulus exposures, initiate the response timer, and indicate 
the subject's response. Reaction times, to the nearest milli­
second, were recorded by a Hunter Model 120A Klockounter from 
the onset of the second stimulus flash until a double-pole, 
double-throw toggle switch response was made» 
Design and Procedure; Experiments I and II 
In the first two experiments, the first stimulus exposure 
of a trial was a pair of items that either (a) pictured or 
UCUUCÙ uiic ocuuc vx cuuiiCiauu XUJ.UA luaoiuii; vr \ u; pxuoui cu vi 
named different things (non-redundant information)» The second 
stimulus exposure was a single item that either matched or 
mismatched one or both members of the first stimulus pair. 
The trial sequence for the matching task of the first two 
experiments was as follows. Information was presented in a 
first tachistoscopic flash at exposure durations of 50 msec, 
above the 75% correct recognition level, determined individually 
for each subjects Immediately following the first flash; a 
visual noise mask appeared for a constant 1 second interval 
53 
followed immediately by the probe stimulus for a fixed 50 msec, 
duration. At the beginning of each trial a verbal "ready" cue 
was given by the Experimenter and was followed, after a brief 
Interval, by the first flash of the trial sequence. The subject's 
task was to detect whether the information presented in the 
second flash (the probe stimulus) was the same as (either in 
form or name), or different from, that of the first flash. 
Subjects were instructed to respond as rapidly and as accurately 
as possible by pushing the response switch in one direction for 
a "same" response, or in the opposite direction for a "different" 
response. The direction of the response for "same" and "different" 
was counterbalanced across subjects for both experiments. 
Response latency and accuracy were recorded for each trial but 
no feedback to subjects was given until the end of an experimental 
session. Experimental sessions consisted of two separate 90 
minute perluda fur each subject» 
The variables of interest for Experiment 1 were: display category 
(pictorial and verbal), information condition (redundant and non-
redundant), type of response (same vs. different), and probe 
category (picture vs. word). All variables were combined factorially 
within subjects to yield 16 stimulus conditions* Ten blocks 
of 16 trials each were observed for each subject, divided between 
two experimental sessions of 80 trials each or 5 blocks per session. 
Thus, Experiment I was a balanced--factorial design with four fixed 
within-subject factors. A2x2x2x2 balanced ANOVA was 
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performed on the average median RT for each subject, A summary 
of the design and stimulus conditions for Experiment I is 
presented in part a of table 1» 
Insert Table 1 about here 
Experiment II differed from Experiment I only with respect 
to the information category independent variable. The stimuli 
presented in the initial flashes of Experiment II were from 
mixed conceptual categories. That is, the initial stimulus pair 
in the mixed condition was a picture and a word rather than a 
pair of words or pictures only. The mixed category stimulus 
would not yield a balanced factorial treatment and was therefore 
not included as a between subjects variable in Experiment I. 
Two separate statistical analyses were performed on the latency 
scores from Experiment II. This procedure was employed to yield 
a balanced factorial within-subjects analysis® The first 
analysis evaluated responses when the probe stimulus was 
categorically the same as the corresponding item in the first 
stimulus pair (e.g., Md-^ Ps%; Md-?- Ws?;) ; the second evaluated 
responses when the probe stimulus was categorically opposite 
to the same item in the first stimulus pair (eog.j Md-»Psw; 
Md^Wsp). Thus, each analysis for Experiment II was a 2 x 2 
X 2 balanced ANOVA. Table 1 part b presents a summary of the 
design and stimulus conditions for Experiment II. The data 
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were collected under the same procedures as for Experiment I. 
Desien and Procedure; Experiment III 
The third experiment employed the Avant et al,, (1975) pair 
comparisons procedure, testing apparent duration differences 
for stimuli that were identical or different picture pairs, 
identical or different word pairs, or mixed pairs of pictures 
and words. The procedure involved presentations of two equal 
duration flashes separated by a 1 sec, masked ISI, The 
subject's task was to decide which of the two flashes of each 
trial was of longer apparent duration* Subjects were instructed to 
push the response switch in one direction if the first flash 
appeared to be the longer, and in the opposite direction if the 
second flash appeared to be the longer of the two. The direction 
of the switch response was counterbalanced across subjects. 
The three stimulus forms (PP, and ^  or WP) for Experiment 
III were combined factorially with two levels of redundancy (re­
dundant vs. non-redundant) to generate a six-member stimulus 
set for a total of (6 x 5/2) = 15 paired comparison trials. 
Three replications of 15 trials each were observed for a total of 
45 trials per subject. Thus, Experiment III was a 2 factor within-
subjects design which considered subjects a random variable and 
information category (PP, OT, PW) and information condition (same 
vs, different) fixed variables» A 2-way ANOVA was performed on 
the choice scores transformed to z' scores according to Woodworth 
and Schlosberg's procedure (1954, P« 206), To insure exposure 
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durations at prerecognition levels for the apparent duration 
judgments, 5 Ss were run to determine the 75% correct 
recognition exposure durations. Recognition exposure durations 
for these Ss ranged from 95 to 160 msec, with a mean of 100 
msec. The apparent duration task presented stimuli at one-half 
(50 msec.) the average 75% recognition threshold value in order 
to limit processing to prerecognition levelso 
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EXPERIMENT I 
Assumptions/Expectations 
Experiment I addressed the generation of visual and verbal 
codes for picture and word stimuli. 
The item pairs in this experiment were either identical 
pictures, identical words, different pictures, or different words. 
The second stimulus flash of a trial was either a single picture 
or a single word that was (a) different from the first presented 
pair, (b) visually redundant with one or both items in the initial 
pair, or (c) verbally the same as one or both items in the initial 
pair. Thus, the information contained in the first flash was 
(a) either redundant or non-redundant and (b) required contact 
with single or multiple visual and verbal codes. That is, when 
an identical pair of pictures was presented, then only a single 
visual and verbal code need be formed; for if the subsequent 
picture or word stimulus matched one of the items in the initial 
pair, it matched both. Similar assumptions were made for 
identical word pairs. However, if- a pair of different pictures 
(words) was presented, then the following picture (word) stimulus 
could match either member of the initial pair. On half the trials 
on which the first flash presents two pictures or words, the 
"same" matching stimulus matched the top member of the pair, and 
on the other half of the trials, the probe stimulus matched the-
bottom member. Hence for non-redundant item pairs, multiple 
visual and verbal codes had to be contacted in long term memory and 
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maintained until the comparison stimulus was presented, which 
could match visually or verbally either member of the non-redundant 
pair. 
If visual codes are contacted in LTM automatically and without 
involving attentional control, then a visual match should be as 
rapid and accurate for multiple code conditions as for redundant 
code conditions within each information category. That is, 
response latency for condition PPd followed by Ps should be as 
rapid as for condition PPs followed by The same expectation 
holds for visual matches with word stimuli. However, some 
attentional involvement either in the generation or comparison 
of multiple visual codes would suggest that matching latency 
should be greater for non-redundant than for redundant conditions. 
Further evidence on this question will be provided by Experiment 
II. Moreover, if visual codes can be contacted as readily 
for verbal as for pictorial input, then latencies for visual 
matches should be the same regardless of the conceptual category 
of the input information. That is, performance on V/V/s followed 
by ^  should be similar to that for PPs followed by Ps. Similarly, 
if multiple visual codes (eoge, PPu or Yn/d) may be contacted and 
compared equally rapidly for picture and word stimuli, then 
latency for a picture match given non-redundant pictures (PPd-» 
Ps) should not differ from latency for a word match given 
non-redundant words (TOd-^Ws). However if visual codes are not 
processed equally rapidly for pictures and words, opposite 
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expectations would be obtained; i.e., RT for PPd-» Ps would not 
equal RT for WWd -» Ws. 
The assumptions for conditions of cross-category matching 
(PPs or PPd-» V/s and WV/s or WV/d-» Ps) were that verbal codes serve 
as the basis for a correct same response and that multiple verbal 
codes must be contacted for non-redundant displays (PPd or WWd), 
while single verbal codes are sufficient for redundant displays 
(PPs or WWs). The assumption that correct same responses were 
based on a verbal code for cross category matches (PP^ W or V/W-> 
P) seems more economical than the alternative assumption that they 
were made on a visual code basis. That is, since the verbal code 
is common to both a picture and a word for an item, matching on 
a verbal code basis would require less transformation of the 
input than would matching on a visual code basis for cross category 
conditionso The empirical evidence repudiates such an alternative 
assumption as well (Paivio and Csapo, 1969; Scheerer-Neumann, 1974)# 
Two stage models of processing would suggest that mean latencies 
for all verbal or "name" matches should be longer than those for 
visual matches. That is, slower ETs should obtain for pictures 
( ^ ^ w ^   ^ *3 m f ^  M  ^4. \ n n  ^ «3 l»**  ^  ^ ^ ^   ^\ vu. wj rrvx u.o vuca-ii i jk u j. a. vy v* c; va 
by pictures. The same expectation would hold for word pairs. 
That is, if verbal codes are accessed later than visual ones as 
predicted by a linear model, than mean RTs for words followed 
by pictures should be longer than those for words followed by 
words. ThuS; the two stage modeling approach predicts equal RT 
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difference for the PPs-^ Ps and PPs-^ Ws conditions and for the 
WWs-> \Vs and WWs^ Ps conditions* 
On the other hand, if pictures are represented by a "dual" code 
while words are not (Paivio, 1971)» It would be expected 
that mean ETs for picture matches would not differ regardless 
of the initial stimulus category (PPs-» Ps = V/V/s->Ps), but word 
matches to pictorial input (PP) would show slower RTs than to 
verbal input (M)« In addition, if verbal codes may be contacted 
directly and in parallel with visual codes then performance for 
condition 7JWs-»Ps should not differ from that for condition \V\VS-» 
Ws. Similarly, performance for condition WWd->Ps should not differ 
from WWd-»Ws, although the latencies in these two conditions may 
be higher than the same two in the redundant condition (WWs)« 
However, the involvement of attention either in the generation 
or comparison of multiple verbal codes would be suggested if 
matching latency is greater for non-redundant verbal conditions 
(WV/d-»Ps) than for redundant conditions (W\Vs->Ps). Additional 
evidence on this point will also be provided by Experiment 11. 
Results 
Although the basic measure of interest in Experiment I was 
the latency of responsej the accuracy of response was also 
observed for the possibility of a trade-off between speed and 
accuracyo Table 2 presents the percentage of errors for all 
stimulus conditions of Experiment I. 
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Insert Table 2 about here 
As table 2 indicates, the error rates were quite low. Fewest 
errors were made for redundant pictures and words matched with 
their respective category probes, while non-redundant displays 
with mismatching probes had the greatest percentage of errors. 
These error rates are comparable with those observed by Estes 
(1975)• Since all stimulus conditions had less than 10% errors, 
no statistical analyses were performed on the error data. 
The data subjected to statistical analysis for this experiment 
were the average median latencies for each subject under all 
stimulus conditions of each rep. 
The data from Experiment I were subjected to two evaluationss 
The first analysis was a combined factorial analysis of variance 
for all variables manipulated within subjectso The second 
evaluation was prompted by a highly significant Interaction of 
rep and probe type in the overall analysis which suggested 
separate analyses of "same" and ^different" latencies. 
In order to index any effects of practice with the tachistoscopic 
task, and to measure the stability of latency responses, a 
replications factor consisting of first 3 blocks vs. second 5 
blocks was considered in addition to the experimental variables 
in both analyses. Table 3 presents the means of the median 
latencies for each display condition and probe condition under 
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both replications of Experiment I* 
Insert Table 3 about here 
The minimal alpha levels were set at .05« The subscripts for the 
F statistics are listed according to their designation in the 
ANOVA tables. As the data in table 5 indicate, RT's decreased 
over trials for all conditions (rep l>rep 2), matching 
latencies were generally longer for non-redundant than for 
redundant displays, and always longer for "different" than for 
"same" probes. Thus, the combined ANOVA for Experiment I showed 
significant main effects for replications F j,gpg (1,14) = 20.08, 
I^Se = .3596], for display redundancy [f j-e^j^ndancy =38.17, 
MSe = .0260j, and for the type of probe ^ probe type = 
68.75) I'ISe = ,0309], but no main effect of either the category 
ot the display [f category = 1.93, .05<P>.10J 
or the category of the probe[f category = 1.55, 
.03 ^  p >.lOj. However, the category of the initial display as 
well as the category of the probe did produce significant 
interactionss A summary of the variance analysis for the combined 
data of Experiment I is presented in table 
Insert Table 4 about here 
As shown in table 4, the interaction between probe category 
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(P vs. W) and probe type (same vs. different) was significant 
[f gg (1,14) = 7*26; MSe = .010£[ as were the interactions 
between display category (PP vs, VAV) and display redundancy 
(same vs. different) (f (1,14) = 8.54, MSe = .008^ and between 
display category and probe category^? (1,14) = 8.37» MSe = 
•017<3« ^ Newman Keuls test among the means of the probe category 
and probe type interaction showed that "same" BT's were faster 
than "different" RTs for both picture and word probes (754 msec, 
and 949 msec, for pictures vs. 765 msec, and 908 msec, for words) 
and this difference was greater for picture than for word probes 
(195 msec. vs. 143 msec.). However, the "same" probe latencies 
were equal for picture and word pairs. Similar mean differences 
were found for the display category X display redundancy interaction. 
That is, mean RTs for redundant picture and word displays, while 
not differing from each other (793 msec, and 8o4 msec, respec­
tively) were both less than mean RTs for non-redundant picture 
and word displays, Now the difference between redundant and 
non-redundant displays seemed to be greater for picture pairs 
than for word pairs (ii5 msec. vs. 66 msec.). However, the 
significant 3-way interaction among display category, display 
redundancy and reps[| (1,14) = 7.95, MSe = .010]showed that 
the advantage for word pairs was restricted to the first rep. 
Figure 1 is a plot of this interaction and shows that latencies 
for both redundant and non-redundant picture and word displays 
decrease with reps, and the difference between redundant and 
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non-redundant displays is the same for words as that for pictures 
by the second rep. 
Insert Figure 1 about here 
The initial latency difference between pictorial and verbal 
displays is also seen in the significant 2-way interaction between 
display category and reps (1,14) = 7.11, MSe = ,0085^ • 
Here again, word pair means were faster than picture pairs on 
rep 1 (948 msec. vs. 985 msec.), but on rep 2 the difference 
between word and picture pairs was eliminated (717 msec. vs. 725 
msec.), and both were less than in rep 1. Replications also 
interacted significantly with the type of probe j^F (1,14) = 
15.27, MSe = .014"^. This 2-way interaction showed simply 
that both "same" and "different" probe types had faster average 
latencies on rep 2 as compared with rep 1, and the difference 
between same and different probes was greater for rep 1 than for 
rep 2. 
Of particular interest was the 3="Way interaction among display 
category, probe category, and probe type Pf x^rr. (1,14) = 7.62, 
MSe = «01711. These means are plotted in figure 2. 
Insert Figure 2 about here 
A Newman Keuls test among the means plotted in figure 2 showed: 
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(a) no differences for either picture or word probes when the 
initial•display contained either pictorial or verbal information 
that was redundant, (b) significant differences between picture 
and word probes when the initial display contained non-redundant 
pairs of pictures or words, and (c) significant probe differences 
between redundant and non-redundant information for both types 
of display categories, y/hen the initial display pairs were 
non-redundant, the probe of the same category as the display 
produced shorter mean latencies than those for the opposite 
category probe. However, these probe means were collapsed 
for "same" and "different" type probes and clearer interpretations 
can be made from the separate analyses for same and different 
probes. These separate ANOVA'S are summarized in table 5. 
Insert Table 5 about here 
The separate analysis for "same" probes showed a significant 
main effect not present in the combined data analysis. As shown 
in part a of table 5, there was a significant main effect of 
display category|F eatemry = 8.54, MSe = 
^ - - r-
«0104J; as well as display redundancy F redundancy = 
56.94; MSe = «OI56J, and reps |f (1,14) = 15.65, = 
.I6l3, but no main effect of the probe category F category 
(l,lif) = 0.87, p>»05j« The display category main effect 
for "same" probes was consistent with Gibson et al,, (1972) finding 
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with, college adults that word displays had shorter matching 
latencies than did picture displays. However, the significant 
3-way interaction among display category, display redundancy, 
and reps jj (1,14) = 25.60, MSe = ,008^ showed again that 
the advantage for words over pictures was limited to early 
trials; as the word display means did not differ from the 
picture display means for the second rep* 
The separate analysis for "different" probes also showed a 
significant main effect that was not present in the combined 
data analysis. Table 5b shows a significant main effect for 
proUe category |f category = 5.18, MSe = .019(0 , 
as well as for display redundancyjj redundancy = 7,69, 
MSe = .036^, and for reps|F (1,14) = 22.96, MSe = ,213^', 
but not for the display category^? airplay category = 
0.32, p> .05J s The significant 3-way interaction among display 
categoi-y, x-eduuuancy, aiid probe category(1,14) = 6.36, 
MSe = 5O259I suggests that "different" probe RTs were the major 
contributors to the interaction among display category; redundancy, 
and probe category in the combined data analysis. 
Discussion 
The results of Experiment I prompt several significant infer­
ences about the encoding of pictorial and verbal information. 
First, consider the error data. The frequencies were low 
and mostly uninformativeo The low error rate might be in­
terpreted to indicate a response bias fostered by the experimental 
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procedure. That is, all subjects first performed a psycho­
physical task which emphasized response accuracy in order to 
establish a 75% recognition duration for the subsequent matching 
task. Thus, subjects may have been "set" by the initial task 
to attend more to accuracy than to speed. 
Second, consider the latency data. The most striking result 
was that the category of the probe had no effect regardless of 
whether the display presented pictorial or verbal information, 
as long as the two items of the initial display carried a common 
meaning. This finding is consistent with that of Gibson et al., 
(1972) for college adults and suggests that any single meaning 
is represented in memory in the same manner for both pictorial 
and verbal information. This result suggests a single abstract 
meaning system that is without imaginai or linguistic specificity. 
The possibility of a unicameral, amodal memory system offers 
(iOuâiuei'aulê païSiiiiOuj OVêt àép&râte mêiuOiy systêjjiô £0v pxCtOi'xâl 
information and for verbal information» However, when multiple 
meanings are retrieved^ some specificity of the input category 
must be retained to produce faster latencies for probes of the 
same category as the input compared to probes of the opposite 
category. This point will be addressed more fully in Experiment 
II. 
Third, consider the conditions that would permit a visual code 
response (PP-^Ps and That RT for these conditions 
did not differ suggests that visual codes are generated equally 
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rapidly for pictures and words. However, the observation that 
RTs for the conditions that would not permit a visual code 
match (PPs^^ and VAVs->Ps) did not differ from RTs for those 
that would (PPs->Ps and VAVs-» V/s) argues that responses were 
consistenly based on the similarity of display and probe 
meanings» Moreover, since cross-category matches for pictures 
did not differ from cross-category matches for words, it can 
be argued that, when the items of the initial display retrieved 
only one meaning direct contact was made to a single amodal 
meaning system with equal speed for both types of visual information. 
This outcome cannot be accommodated by any variant of the two-
stage processing model or by Paivio's (1971) "dual" encoding 
hypothesis. On the other hand, these results are readily 
accommodated by a single abstract permanent knowledge system 
(e.g., Anderson and Bower, 1975; Chase and Clark, 1972; Craik 
and Lockhart, 1972). 
Interpretations are not as clear for non-redundant displays 
however. For different pairs of pictures or words, the. probe 
of the same category as the input produced shorter latencies than 
the opposite-category probe. One view of this difference would 
argue that attention must be allocated when multiple meanings 
are presented; and fewer demands for attentional capacity are 
required when the subsequent comparison is similar along two 
dimensions (visual form and meaning) than along only one (meaning)« 
That is, for a pair of different pictures probed by a picture, 
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less processing capacity is required than when probed by a word, 
because the picture probe is the same as one of the pictures 
in both form and meaning, while the word probe matches one 
of the pictures only in meaning. The additional dimension of 
similarity, when attention is required, affords a processing 
advantage for a probe of the same conceptual cateKory and yields 
faster responses than probes of the opposite conceptual 
category. However, this interpretation is offered with caution 
since the separate analyses for "same" and "different" latencies 
showed that the advantage for the same-category probe was greater 
for probe items that did not match the initial display than 
for those that did. However, "same" probes showed longer RT's 
for non-redundant than for redundant displays, suggesting 
attentional involvement, and at least a measureable advantage, 
if not a statistically significant one, for the probe of the 
same category wnen the initial display presented non-redundant 
information. 
Turning briefly to the separate analysis for "same" latencies, 
the most salient aspect of these data was the differential effect 
of practice for picture and word displays. The 3-way interaction 
among display category, redundancy, and reps showed that, during 
the first rep, there was a larger RT difference between redundant 
and non-redundant pictures than between redundant and non=redundant 
words, but that the difference became smaller with practice. 
The presence of a greater practice effect for pictures than for 
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words may simply reflect the greater experience of college 
students with words than with pictures, rather than any 
differential processing effects over trials for pictures. 
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EXPERIMENT II 
Assumptions/Expectations 
Experiment II was expected to provide additional information 
on processing differences between pictorial aind verbal stimuli. 
For this experiment the information in the first flash was always 
a pair of mixed category items (a picture and a word) that had 
either the same (redundant) or different names (the picture and 
word were of different items). The second flash presented either 
(a) a picture that matched one of the items of the first flash 
or mismatched both items, or (b) a word that matched one of the 
two items of the first flash or mismatched both items. It is 
important to note here that on trials when the initial mixed 
pair presented different items, a following correct "same" 
response could be made on the basis of four stimulus conditions 
instead of the usual two. That is, a second flash picture 
might be Lhe aame as the picture member or the word member of the 
first pair (which were different); similarly, the word in the 
second flash might be the same as the picture member or the word 
member of the initial pair. A symbolic representation of the 
stimulus conditions of Experiment II is presented in table lb. 
Unlike the uniform pictorial (PPs. PPd) or uniform verbal 
(Ws, WWd) conditions of Experiment I, the mixed condition (Ms, 
Md) of Experiment II always required at least two visual codes 
to be formed; only one verbal code need be contacted on îfe trials 
while Md trials would require different codes for two meanings. 
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Consequently, if visual codes are contacted in parallel and 
at equal rates for pictures and words, then no difference in 
matching latencies for picture and word probes would be expected 
on conditions. This expectation would hold that reaction time 
for followed by Ps should equal reaction time for followed 
by Ws; latency of response for these two conditions should also 
equal that for the PPs-^Ps and WWs-»V/s conditions of Experiment I. 
Furthermore., latencies for M trials should be the same when 
the probe stimulus is a picture that matches the picture member 
of the first pair (Psj) as when the probe stimulus is a word 
that matches the word member of the first pair (VJsw) « 
Additional expectations concerning the involvement of attention 
in the encoding process may be specified. If matching latency 
does not differ for Ms followed by Ps or ^  in Experiment II 
when the results of Experiment I showed longer RT's with visual 
code matches for non-redundant (PPd or WM) than for redundant 
(PPs or Wis) conditions, it would appear that attention was 
required for 'the comparison of codes on the non-redundant trials 
but that multiple visual codes were generated automatically and 
in parallel- Involvement of attention in comparison rather than 
acquisition of codes would also be indicated if, in Experiment II, 
response latency was the same for all M trials that could allow 
a correct response on a visual code basis (i.e., Md-»Psp and 
Wsw)o 
Comparison between the cross-category matches for the 
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non-redundant mixed condition (M) should provide additional 
evidence for discriminating among the expectations concerning 
verbal code processing discussed in Experiment I. Specifically, 
if verbal codes are processed for pictures as well as for words, 
then similar response latencies should result for the Md-> Psw 
condition and the Md-»Wsp condition. That is, pictures should 
be matched to the words that name.them as.rapidly and accurately 
as words are matched to the pictures they name. Conversely, if 
pictures are represented directly by visual and verbal codes 
while words are not, then RT- for Md->Psw would be expected to 
be faster than for Md-»Wsp« Finally, if verbal codes may be 
contacted in parallel with visual codes without involving attention, 
then latencies for Md->Psw conditions should be comparable to those 
for Md->V/sw conditions. This last expectation would also be 
affirmed by similar latencies on ^ ->V/s trials as on Md-»Wsw 
trials. However, if the latter comparison shows greater RT 
for Md-^V/sw than for î^-^Ws but RTs for M-^Psp and Wsw 
are equal, then the difference should be interpreted as stemming 
from attentional limitations in the comparison of multiple verbal 
codes rather than from the generation of verbal codes. 
On the basis of much research using same-different matching 
tasks (e.g., Posner and Boies, 1971; Posner and Mitchell, 1967; 
Scheerer=Neumann, 1974) as well as the results of Experiment I, 
it was expected that performance on all trials where the matching 
stimuli were different from all elements in the initial display 
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would be significantly longer than any "same" matching latencies. 
However,- such a finding should be interpreted with caution as 
it most likely would reflect a response bias for "same" responses. 
Before a decision of sameness can be made, an exhaustive search 
of all relevant input characteristics must be made (Egeth, 
Jonides and Wall, 1972), but a "different" decision could be 
made for any mismatch of input characteristics thereby terminating 
the search before all characteristics have been searched. 
Consequently, an optimal response strategy should show shorter 
mean matching latencies for "different" as compared with "same" 
responses. 
Results 
The percentage of errors for each stimulus condition of 
Experiment II are presented in table 6« Inspecting the error 
Iiiaerl Table 6 abuul here 
data in table 6 shows that the error rates for all subjects 
was again quite low. Percentage of errors for all stimulus 
conditions was less than 10% with a range of 1,3% to 7,3%» Fewest 
errors occurred for "same" probes that were categorically identical 
to the first-flash input, while most errors were made for "same" 
probes that were categorically opposite* 
Given the low error rates the data subjected to statistical 
analysis for Experiment II were average median latencies for 
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all subjects under the stimulus conditions of each rep. These 
data were subjected to two separate, but overlapping, ANOVA's. 
The first considered matching probes for non-redundant displays 
that were of the same category as their respective matching 
member in the first pair, and the second analysis considered 
matching probes that were categorically opposite to their 
respective matching member in the first pair. Again a replications 
factor was evaluated in Experiment II in order to discern the 
effects of practice. The reps factor in Experiment II consisted 
of the first 5 blocks of trials vs. the second 5 blocks. A 
block was comprised of one observation for each of the 10 stimulus 
conditions which generated 50 trials per rep for each subject. 
The latency data for all stimulus conditions under each rep of 
Experiment II are presented in table 7. As the table indicates, 
the rep differences presented essentially the same pattern as in 
Insert Table 7 about here 
Experiment I® That is, latencies for all conditions were 
lower for rep 2 than for rep 1, latencies for non^redundant 
displays were longer than for redundant displays, and "different" 
probes produced longer latencies than "same" probes. 
The first ANOVA for Experiment II, summarized in table Sa, 
sh o w e d  s i g n i f i c a n t  m a i n  e f f e c t s  o f  r e p l i c a t i o n ( 1 , 1 ^ )  =  
28.03, MSe = .0763], display redundancy^? redundancy = 
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25.80, MSe = .013^, and type of probejj ^ype = 
32.23, MSe = ,0440; but the main effect of probe category was 
not significantcategory = 3.01, P^.of]. For 
the first analysis, the category of the probe did interact 
significantly with the type of probe[f (1,14) = 4.99, MSe = 
•io64j. Table 8a is a summary of the first ANOVA for Experiment 
II. A Newman Keuls test among the means of this 2=way 
Insert Table 8 about here 
interaction showed that the matching RT's were equal for picture 
and word probes, while the RT for a "different" word probe 
was smaller than the RT for a "different" picture probe (938 
msec. vs. 1001 msec.). 
The second analysis for Experiment II (where the matching 
probes were of the opposite category for the non-redundant 
display) showed two interesting points of difference from the 
first analysis. Table 8a presents a summary of the second 
ANOVA for Experiment II. Comparing part a of table 8 with part 
b shows that: (a) the main effects of reps and display category 
have larger F values while that for probe type is smaller and, 
more important, (b) the main effect of probe category is 
significant in the second analysis [f category = 
6.15, MSe = .030£J, In addition there was a marginally significant 
2-way interaction in the second analysis between display redundancy 
and category of the probe(j (1,14) = 4.97, MSe = ,lQk§] • 
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Orthogonal contrasts were performed for "same" probes 
of identical vs. opposite categories and showed that when the 
"same" probes were of same category as their respective matching 
members in the non-redundant.pair ET's were significantly 
faster than when the "same" probes were categorically opposite 
to their respective matching members t (13) = p< ,01. 
Finally, for non=redundant first»flash information, latencies 
for "same" word probes for either first-flash member (VJsw, Wsp) 
were significantly faster than the comparable "same" picture 
probes (Psp, P8w)[t (13) = 3*00, p<o05o 
Two additional contrasts were performed among the means for 
the stimulus conditions of Experiment II, The means for all 
stimulus conditions in this experiment are plotted in figure 3» 
Inspecting the means for "different" probes in the right panel 
Insert Figure 3 about here 
of the figure, it appears that there is a measureable difference 
in RT between picture and word probes for both redundant and 
non-redundant information» However, the 2-tailed student t test 
showed no reliable difference between "different" picture and word 
probes (13) = 1,97, »05^p/,10 for redundant information and 
(13) = 1*38, *03/p z. for non-redundant . A final non-
orthogonal contrast between cross category "same" probes showed 
that words were matched to their respective pictures faster than 
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pictures were matched to the words that name them^ (13) = 2.37» 
P^.oJ. 
Discussion 
The results of the second experiment confirm and extend those 
of the first experiment. Again the error rates were so low as 
to be uninformative. However, one trend in the error data 
is worthy of notice. The trend is that errors occurred with 
greater frequency for "different" than for "same" probes. This 
tendency for subjects to respond "same" when the probe is actually 
different seems to reflect a response bias for "same". This 
interpretation seems appropriate given the initial threshold 
determining procedure, and the overall low error rates for all 
subjects. 
The latency data of Experiment II are consistent with several 
of the inferences drav/n from the results of Experiment I, One 
similarity between the two studies is the advantage for 
the probe of the same category as the initial input when the 
first display presents non-redundant information. That is, the 
difference between picture and word probes for non-redundant 
•niotiire and word nairs in Experiment T is comnlemented bv the 
difference in Experiment II for same-category matching probes 
vs. opposite-category matching probes. In other words, when the 
probe matched the first-flash item visually as well as verbally 
there was no main effect of probe category in Experiment II 
(first analysis); but when the probe matched in name and/or 
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meaning only, there was an advantage for the probe that matched 
first-flash items visually as well as verbally (second analysis). 
This finding is more impressive for Experiment II than Experiment 
I because the display in the second study was always visually 
non-redundant, yet there were no differences between the probe 
RT's for matches of the same category (i.e., Md-»Psp = Md-»Vifsw). 
This outcome would be expected if multiple visual codes are 
generated in parallel and contacted equally rapidly for pictures 
and words. The increase in ET from redundant to non-redundant 
displays (74 msec, for pictures and 72 msec, for words) reflects 
the necessity of contacting and attending to two separate 
meanings for non-redundant displays, while only one meaning need 
be processed for redundant pairs. 
The involvement of attention is also suggested by the long 
RT's for opposite-category "same" probes. That is, for multiple 
meanings, the identical-category "same" probes enjoy an. additional 
dimension of similarity relative to opposite-category "same" 
probes; apparently, the additional dimension is tacitly identified 
which requires less attention for the comparison of multiple 
meanings and yields faster responses than cross-category 
comparisons. This interpretation is consistent with Turvey's 
(1974) distinction between tacit and explicit identification. 
Turvey argues that similarity and/or familiarity among stimuli 
can assist the speed of processing and accuracy of identification 
such that one can have tacit knowledge about the meaning of a 
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stimulus in advance of explicit knowledge about its identity* 
Thus, the tacit identification for visually redundant probes 
expedites attending to multiple code comparisons and yields 
faster matching responses for same-category than for opposite-
category probes. 
The main effect of reps in each of the analyses of Experiment 
II seems to suggest only an improvement in the subject's ability 
to perform the task* That is, subjects simply get faster at the 
tachistoscopic matching task with practice. This interpretation 
is warranted further by the fact that none of the subjects 
employed in either experiment had any experience with a 
tachistoscope before their participation in these studies. 
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EXPERIMEOT III 
Assumpt ions/Expec tat ions 
The assumptions and expectations for Experiment III were 
straight forward and can be briefly stated. First, it was 
expected that apparent durations for various stimulus displays 
would be ordered as follows: Mixed stimuli should result in 
significantly longer duration judgments than either uniform 
pictorial or uniform verbal stimuli which should not differ 
from each other. The second expectation was that the pairs with 
one meaning would generate shorter apparent durations than pairs 
with two meanings. Such a result would reflect the processing 
advantage for redundant information relative to non=redundant 
as suggested by the results of Experiments I and II. 
Another expectation was that visually redundant (identical 
pairs) stimuli would result in shorter duration judgments than 
would visually non=redundant (dirrerent pairs) stimuli® One 
way to consider a processing advantage for visually redundant 
information is that physically similar stimuli (identical pairs) 
may share the same neural activation pathway for memory encoding 
(Posner and Snyder, 1975). That is, two visual codes that are 
physically similar may activate their respective memory represent­
ations via the same neural pathway while different visual codes 
each require a separate pathway to activate their respective memory 
representations. Thus, duration judgments for stimuli sharing the 
same activation pathway should be shorter than those for stimuli 
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which do not. 
It is important to note that the information presented for 
duration judgments in Experiment III was at pre-recognition 
exposure durations Consequently, any differences in duration 
judgments between redundant and non-redundant comparisons would 
reflect differential processing performed upon input information 
that had been categorized as being similar or not prior to the 
recognition of that categorization. Moreover, if non-redundant 
mixed information is judged Idnger than non-redundant uniform 
pictures or words, then it would be suggested that even some 
further classification (in addition to just being similar or not) 
had occurred automatically and before attention could be employed* 
Results 
A summary of the ANOVA performed on the z' scores for 
Experiment III is presented in table 9* 
Insert Table 9 about here 
As shown in the table9 the. main effect of information category 
(PP, WW, Pw) was highly significant£p info^ation category 
= 9*85, MSe = *14442; while the main effect of redundancy 
reached only marginal significancejj redundancy ~ 4*47, 
• 05<P>*1^* The informative result for this experiment, 
however, was the significant information category X redundancy 
interaction -j F (SjlS) = lOolifj MSe = ,06931 « Figure 4 is a 
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plot of mean z' scores for this interaction. 
Insert Figure 4 about here 
A Newman Keuls test among these means showed that for redundant 
information, apparent durations for picture and word pairs 
did not differ from each other and that both were of shorter 
apparent duration than mixed pairs of pictures and words. However, 
for non-redundant information, presentations of picture pairs 
were judged to be shorter than mixed pairs which were judged 
to be shorter than word pairs. Finally, only the picture 
pairs did not differ across redundancy levelso Both the mixed pairs 
and the word pairs differed across the levels of redundancy 
but in opposite directions. That is, apparent durations increased 
from redundant word to non-redundant word pairs, but apparent 
durations dscrsasod across the redundancy levels for mixed pairs. 
Discussion 
The expectations for the apparent duration judgments were 
neither confirmed or denied unambiguously. However, the data do 
extend the apparent duration paradigm of Avant et al», to 
prerecognition processing differences among highly familiar 
pictorial and verbal stimuli. That is, before processing has 
advanced far enough to permit any allocation of attentional 
capacity, pictorial information has some initial processing 
advantage relative to verbal information-- when the physical 
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form of the information is not redundant. Thus, when the stimulus 
display "was non-redundant, different picture pairs were judged 
shorter than a mixed pair; and the picture member of the mixed 
pair afforded a processing advantage relative to different word 
pairs which were judged longest. Another interpretation for 
this finding is that direct contact with multiple 
verbal or meaning codes is faster for pictures than for words. 
However, this possibility seems highly unlikely in the light of 
the lack of a difference in Experiment I between picture and word 
probe latencies when either non-redundant pairs of pictures 
or words were presented, A more tenable notion is that words 
have multiple meanings while pictures do not, especially for 
college adults. Hence, non-redundant words make contact with 
many meanings, the most salient of which gets into consciousness 
at the point of recognition, while non-redundant pictures 
contact only one meaning for each picture. Therefore long 
term memory is more diffusely activated by non-redundant words 
than by pictures, and the greater memory activity generates 
a longer subjective experience of duration for non=redundant 
words than for non-redundant pictures. 
Considering redundant information, there was no significant 
difference between pictures and words, suggesting that singular 
visual, verbal and meaning codes are generated automatically 
and equally rapidly for pictures and words. But both of these 
stimulus forms were judged shorter than the mixed pair which 
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required contact with'multiple visual, but only single verbal 
or meaning, codes. Such an ordering of these pairs is 
consistent with Turvey's (1974) distinction between tacit 
and explicit identification. For the redundant pairs, an 
automatic tacit identification may have speeded the processing 
of uniform picture and word pairs relative to that for mixed 
picture and word pairs, resulting in longer subjective durations 
for the latter stimuli. 
Also consistent with the duration judgments for the redundant 
stimulus pairs is the pathway activation notion of Posner and 
Snyder (1975)# That is, words and pictures that are physically 
similar may share the same neural pathway when activating 
their respective memory structures, while physically dissimilar 
pairs must contact memory by different paths and thereby produce 
longer duration judgments than identical pairs. 
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GENERAL DISCUSSION 
Collectively, the results of these three studies share 
several points of similarity, and converge on a main theme 
of the direct involvement of long-term-memory in perceptual 
processing. That is to say, the most parsimonious interpretation 
for the three studies is one which supports a unitary, abstract 
meaning system that is equally accessed by visual input of 
either pictorial or verbal materials (e.g,, Chase and Clark, 
1972; Posner and. Snyder, 1975; Shiffrin and Geisler, 1973)* 
However, when multiple meanings are accessed, attention must 
be invoked, and allocation of attention is more expedient when 
the information being attended is both visually and semantically 
redundant. 
The suggestion that the permanent memory system is equally 
rapidly accessed by pictorial and verbal input when only one 
iuycui jLag xS xuVuxvcû j lq  uuvvxcoovû.  uj cnl*ee xxj j .ua.xj .500 
First; there was no difference in Experiment I between "same" 
picture or word probes when redundant pairs of pictures or words 
were presented, suggesting equally rapid contact for each probe 
with its respective matching representation in memory. Furthermore, 
the matching latencies for both picture and word probes were the 
same for picture pairs as they were for word pairs. Second, 
Experiment II showed that when one meaning was accessed simul­
taneously by both visual forms, the matching latencies for 
picture and word probes were again equal, suggesting no differen­
tial access to memory for pictures and words. Moreover, when 
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mixed pairs with different meanings were presented, the within-
category probe latencies were again equal (i.e., Md^Psp = Md->Wsw). 
This result is particularly compelling because the pair of 
different items meaning different things were presented simul= 
taneously, and the subjects did not know which of six possible 
probes would follow (a Pg), Wsw, Psw, Wsp, Pd or M). Yet the 
latency for a picture matching a picture was as fast as a word 
matching a word, indicating that sensory processing occurs in 
parallel, automatically, and without attentional limitations. 
The third aspect of the evidence which suggests a single, 
abstract memory system with equal accessibility for both of the 
visual input categories derives from Experiment III. This is the 
finding that picture and word pairs generated the same apparent 
durations when the pair members were redundant in form and 
meaning. That different apparent durations resulted for non-
redundant wor-u pairs relative to non=redundant picture pairs 
should be viewed as a different amount of total processing 
activity induced by the respective pairs, rather than as 
reflecting differential access times to memory» That is, 
different words may generate more processing activity than do 
different pictures because words have greater possibilities for 
different meanings than do pictures. For example, a single 
word can be a noun, an adjective, or a verb, but a picture is 
always an image of the object which it represents» Hence, 
different words initiate more alternatives for the brain to 
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negotiate and consequently the words yield longer duration 
judgments than do pictures. Such an interpretation is also 
quite in accord with the orderings among the judged duration 
means of all stimulus forms for non-redundant information in 
Experiment III (PPd<PWd<V/Wd). That is, the word member of the 
non-redundant mixed pair generated more processing activity 
when compared to pairs of non-redundant pictures, but less 
processing activity when compared to pairs of non-redundant 
words. 
The effect of probe type ("same" vs. "different") that 
occurred in the first two experiments was considered to be 
artifactual in that it reflected a response bias in favor of 
"same" responses (Posner and Snyder, 1975)» One difficulty 
with this interpretation is that Gibson et al., (1972) found 
no difference between "same" and "different" responses for 
simultaneous presentations of picture and word pairs. 
Similarly, Pellegrino et al,, (1975) also found no difference 
for the type of response using a sequential presentation 
matching paradigm with single picture and word displays. 
However, these studies did not employ the threshold determin­
ing procedures incorporated in the present research. Therefore, 
it could be argued that all interpretations apply equally to 
"same" and "different" probes in the current results. 
The results of the first and second experiments also shed 
some light on the involvement of attention in operations of 
89 
coding and comparing verbal and pictorial information. First, 
it appears that attention is uninvolved in the formation of 
visual codes, verbal codes and even meaning codes as some 
processing models have proposed (e.g., LaBerge and Samuels, 
1974; Posner, Lewis and Conrad, 1972). Second, when attention 
must be employed to choose among multiple meanings, it can be 
focused at different rates depending on the amount of recoding 
or transformation and the total number of events among which 
it must be divided. For example, Experiment I showed longer 
matching latencies for non-redundant, within-category matches 
than for redundant matches (PPd-»Ps >PPs-»Ps and WWd-^Ws > 
Ms^Ws) suggesting that same-category probes were compared 
sequentially for the two meanings presented. Also cross-category 
matches for non-redundant information were longer than same-category 
matches (PPd-»Ws >PPd->Ps and 7AVd—Ps >rod-^\Vs) suggesting that 
additional time was needed to recode the cross-category probe 
before attention could be allocated for comparison among the 
different meanings. 
A similar case can be made for the involvement of attention 
from the results of the second experiment. That is, non-redundant 
matches were longer than same (Md->Psp or Wsw>Ms->Ps or Ws), 
and cross-category matches were longer than within-category matches 
(M->Psw>Md—>Psp and Md->Wsp> Md->V/s\?) « Hence, attentional 
control is expedited by automatic processing and burdened by 
dimensions of asymmetry among the information being attended. 
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In summary, the data from the present investigations have 
accomplished three major objectives. First, they have provided 
strong empirical support for a unitary, amodal memory system 
with parallel and automatic access for sensory processing. 
Second, they have extended the Avant et al,, apparent duration 
paradigm to highly familiar pictorial and verbal stimuli and 
their respective differential prerecognition processing. This 
is a noteable advance for discerning the stimulus parameters 
that may be indexed by differences in apparent durations; and 
suggests that verbal (word) stimuli, with their greater degree 
of ambiguity relative to pictorial stimuli, are subjected 
to more extensive processing prior to recognition than are 
pictures. And lastly, these studies have been uniquely 
informative of the interactions between attention and automatic 
processes in visual perception. 
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Table 1. Symbol designation and stimulus conditions for Experiments 
I. anii. IX* : 
INFORMATION SYMBOL M13ANING EXPERIMENT I 
Redundant pictures PPs A pair of identical pictures 
Redundant words miB = A pair of identical words First Flash 
Non-redundant picts . PPd = A pair of different pictures Information 
Non-redundant words v;v/d = A pair of different words 
—^  
= Followed by 
Same picture Ps A matching picture 
Different picture Pd = A mis-matching picture Second Flash 
Same word Ws = A matching word INFORMATION 
Different word V/d = A mis-matching word 
STIMULUS CONDITIONS I'OR ALL Ss IN EXPERIMENT I 
Redundant 
1) PPs—> 
2) PPs-,^  
3) V/V/s—> 
4 ) V/V/s 
No n-redundant 
Same 
PS 
Ws 
Ps 
Vie 
Redundant 
Same 
5) PPd—> Ps The matching 
6) PPd —' V/s stimulus is the 
7) VAVd—> Ps same as one member 
8) VAVd^ V/s of the first pair. 
All stimulus conditions presented randomly in 
9) PPs 
10) PPs 
11) V/V/s -4» 
12) WV/s 
Non-redundant 
Different 
Pd 
V/d 
Pd 
V/d 
13) 
14) 
15) 
16) 
PPd—> 
PPd 
VA'/d -A 
mid -4 
Different 
Pd 
V/d 
Pd 
V/d 
10 blocks of 16 trials each, 
INFORMATION .SYMBOL MEANING EXPERIMENT II 
Redundant mixed Ms = A ]]icture and word that name the same thing 
Non-redundant mixed Md = A jilcture and word that name different things 
Same picture Psp = Tho second flash probe picture matches the 
pi<;ture member of the 1st pair 
Same picture Psv/ = The second flash probe picture matches the 
v/oi'd member of the 1st pair 
Same word V/sw = Tho second flash probe word matches the 
v;oi'ij member of the 1st pair 
Same word Wsp = Tho second flash probe word matches the 
picture member of the 1st pair 
STIMULUS CONDITIONS FOJ? ALL Ss IN EXPERIMENT II 
Redundant Same 
1) Ms—^ Ps 
2) Ms—> V/s 
Redundant 
T) Ms -
8) Md -
Different 
Pd 
V/d 
Non-redundant Same Non-redundant Different 
3) Md-4 Psp 
4) Md—> Psw 
5) Md > Wsp 
6) Md—>\Hsvi 
9.) Md 
10) Md 
Pd 
Wd 
All stimulus conditions presented randomly in 10 blocks of 10 trials each. 
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Table 2, Percentage of errors under each stimulus condition for 
all subjects in Experiment I, 
PROBE TYPE 
SAME DIFFERENT 
REDUNDANCY DISPLAY 
OF DISPLAY CATEGORY p W P w 
SAME PP 2.0 4.6 9.3 4.6 
mv 4.0 3.3 6.6 6.6 
DIFFERENT PP 4*6 6.0 6.6 8.0 
m 6.0 4.0 8.6 5.6 
/ 
Table 3» Average median RT in milliseconds for all display and 
and probe conditions under both replications of 
Experiment I, 
REP 1 
SAME PROBE DIFFERENT PROBE 
REDUNDANCY DISPLAY 
OF DISPLAY CATEGORY P W P W 
SAME PP 772 790 ' 1072 973 
WW 821 793 1047 100 
DIFFERENT PP 987 1061 1074 1150 
WW • 886 783 . 1191 1063 
REP 2 
SAME PROBE DIFFERENT PROBE 
REDUNDANCY DISPLAY 
OF DISPLAY CATEGORY P W P W 
SAME PP 600 630 759 750 
mi 604 610 778 775 
DIFFERENT PP 674 714 793 816 
• 
v/w 687 735 878 737 
Table if. ANOVA summary table fo 
Experiment I. 
Source df 
A=Ss 14 
B=Reps 1 
C=Probe Type 1 
D=Redundancy 1 
F=Category 1 
G=Probe Category ^ 1 
AB 14 
AC 14 
AD 14 
AF . 14 
AG 14 
BC 1 
BD 1 
BF 1 
BG 1 
CD 1 
CF 1 
CG 1 
DF 1 
DG 1 
FG. 1 
ABC 14 
ABD 14 
ABF 14 
AEG 14 
ACD 14 
ACF 14 
ACG 14 
median latencies of subjects in 
MS, F * p<r.05 
** p<r«Ql 
.6095 
7.2247 20.08 * * 
3.4460 67.75 * •  
.9939 38.17 ** 
.0237 1.93 NS 
.0266 1.55 NS 
.3596 
.0508 
.0260 
,0122 
.0230 
.1957 13.27 ** 
.0746 3.72 NS 
• 0606 7.11 « 
.0245 2.49 NS 
.0620 2.59 NS 
.0718 3.91 NS 
.0789 7.26 * 
.0715 8.34 * 
.0002 .01 NS 
.1427 8.37 * 
.0147 
.0200 
.0085 
.0098 
.0239 
.0183 
.0108 
ADF 
ADG 
AFG 
BCD 
BCF 
BCG 
BDF 
BDG 
BFG 
CDF 
CDG 
CFG 
DFG 
ABCD 
ABCF 
ABCG 
ABDF 
ABDG 
ABFG 
ACDF 
ACDG 
ACFG 
ADFG 
BCDF 
BCDG 
BCFG 
BDFG 
CDFG 
ABCDF 
AECDG 
ABCFG 
ACDFG 
ABDFG 
BCDFG 
Error 
Total 
14 
14 
14 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
1 
1 
1 
1 
1 
14 
14 
14 
14 
14 
1 
14 
479 
.0085 
.0211 
.0170 
.0011 .05 NS 
.0509 2.40 lis 
.0040 .31 NS 
.0812 7.95 * 
.0079 .58 NS 
.0191 .95 NS 
.0642 1.87 NS 
.0010 ,06 NS 
.0023 .14 NS 
.1301 7.62 * 
.0222 
.0244 
.0131 
.0102 
.0134 
.0199 
.0342 
.0175 
.0157 
.0170 
.0138 1.30 NS 
.0336 2.49 NS 
.0210 .25 NS 
0294 1.84 NS 
0509 3.18 NS 
0106 
0134 
8268 
0159 
0124 
0025 .14 NS 
0187 ' 
Table 5* ANOVA summary table for median latencies of separat 
"same" and "different" probes in Experiment I, 
ao Source df MS F * p<r «05 
: ** .01 
A-S G 14 .3023 
B~-Rep8 1 2.5210 15.65 
C=: Category 1 .0890 8.54 « 
D=Redundancy 1 .7763 56.94 * * 
F= Pro.be Category 1 .0069 0.46 MS 
AB 14 .1610 
AC 14 .0104 
AD 14 .0136 
AF 14 .0149 
BC 1 .1113 6.69 * 
BD 1 .0285 1.23 MS 
BF 1 .0243 3.24 NS 
CD 1 .1356 6.51 * 
CF 1 .0543 .39 NS 
DF 1 .0010 .04 NS 
ABC 14 .0166 . 
ABD 14 .0233 
ABF 14 .0074 
ACD 14 .0208 
ACF 14 .0137 
ADF 14 .0251 
BCD 1 .2155 25.06 »* 
BCF 1 .0401 2.60 HS 
BDF 1 .0044 .28 ÎIS 
CDF 1 .0091 1.27 rIS 
ABCD 14 .0084 
ABCF 14 .0154 
ABDF 14 .0158 
ACDF 14 .00171 
BCDF 1 .0247 3.11 NS 
Erroi' 14 .0079 
Total 2j59 
b» Source df 
A-Ss 14 
B=Reps 1 
C=Dlsplay Category 1 
D=Display Redundancy 1 
F-.oProbe Category 1 
A3 14 
AC 14 
AD 14 
AF 14 
BG 1 
BD 1 
BF 1 
CD 1 
CF 1 
DF 1 
ABC 14 
ADD 14 
ABF 14 
ACD 14 
ACF 14 
ADF- 14 
BCD 1 
BGF 1 
BDF 1 
CDF 1 
ABCD 14 
ABCF 14 
• ABDF 14 
ACDF 14 
BCDF 1 
Error 14 
Total 239 
hS F • p<.05 
** p^.Ol 
.3581 
4.8994 
.0065 
.2797 
.0987 
.2133 
.0202 
.0364 
.0190 
.0002 
.0473 
.0042 
.0001 
.0908 
,0002 
.0164 
.0189 
.0155 
.0220 
.0191 
.0137 
.0037 
.0000 
.0371 
.1719 
.0124 
.0128 
.0110 
.0259 
.0073 
.0351 
22.96 
.32 NS 
7.96 * 
5.18 » 
.13 NS 
2.49 NS 
2.77 NS 
.00 NS 
4.76 » 
.01 NS 
o 
CO 
.30 NS 
.00 NS 
3.37 NS 
4.89 • 
.20 NS 
Table 6» Percent of errors at each stimulus condition for all subjects 
of Experiment II. 
SAÎ-ÎE PROBE DIFFERENT PROBE 
REDUNDANCY OF 
DISPLAY Psp V/6W PSVf y/sp P W 
Same (MS) 1.3 2.0 6.6 6.6 
Different (Md) 2.6 2.6 6.0 7.3 4.0 3.3 
Table 7# Average median latencies in milliseconds for all stimulus 
conditions of Experiment II under each rep. 
REP 1 
SAtffi PROBE DIFFERENT PROBE 
REDUNDANCY 
OF DISPLAY Psp Vis Vf Psw V/sp P W 
Same (MS) 861 868 1107 966 
Different (Md) 956 943 1086 1047 1156 1067 
REP 2 
SAÎ'IE PROBE DIFFERENT PROBE 
REDUNDANCY 
OF DISPLAY Psp WsW Psw Wsp P V/ 
Same (MS) 700 699 835 824 
Different (Md) 753 767 943 812 940 894 
Table 8. AKOVA summary table for mediem latencies in Experiment IJ. 
Source df MS F * p 
»* D 
A=Ss 14 .2896 
B=Reps 1 2.1383 28.03 ** 
C=Display Redundancy 1 .3562 25.80 ** 
D=Probe Category 1 .0724 3.01 NS 
F=Probe Type 1 1.447 32.23 * 
AB 14 .0763 
AC 14 .0138 
AD 14 .0240 
AF 14 .0449 
BC 1 .0004 .03 NS 
BD - 1 .0338 2.75 NS 
BF" 1 .0082 .39 NS 
CD 1 .0002 .02 NS 
CF 1 .0012 .05 NS 
DF 1 .0819 4.99 * 
ABC 14 .0132 
ABD 14 .0123 
ABF 14 .0212 
ACD 14 .0148 
ACF 14 .0243 
ADF 14 .0164 
BCD 1 .0027 .20 H,S 
BCF 1 .0048 .46 NS 
BDF 1 .0222 • 1.40 NS 
CDF 1 ,0004 .22 NS 
ABCD 14 .0135 
ABCF 14 .0102 
ABDF 14 .0087 
ACDF - 14 .0165 
BCDF 1 .0135 1.67 NS 
Error 14 .0099 
Total 259 
b» Source df 
A=Sb 14 
B=Reps 1 
C=Display Redundancy 1 
D=Probe Category 1 
F=Probe Type 1 
AB 14 
AC 14 
AD 14 
AF 14 
BC 1 
BD 1 
BF 1 
CD . 1 
CF 1 
DF 1 
ABC 14 
ABD 14 
ABF 14 
AGD 14 
ACF 14 
ADF 14 
BCD 1 
BCF 1 
BDF 1 
CDF 1 
ABCD 14 
ABCF 14 
ABDF 14 
ACDF 14 
BCDF 1 
Error 14 
Total 239 
MS . F . • p .<.05 
* * P^ .01 
.3266 
2.1430 36.28 »•» 
1.1067 108.92 
.1905 6.15 * 
.5593 9.22 * *  
.0590 
.0102 
.0309 
.0606 
,0005 .03 NS 
.0049 .29 NS 
.0079 .36 NS 
*0024 1.59 NS 
.1766 4.97 •» 
.0141 .60 NS 
.0151 
.0165 • 
.0220 
.0149 
.0355 
.0234 
.0277 2.17 NS 
.0049 .39 NS 
.0693 4.35 NS 
.0348 2.49 NS 
.0128 
.0071 
.0159 
.0139 
.0000 •
 
0
 
0
 
NS 
.0217 
113 
Table 9* ANOVA summary table for z' scores of Experiment III, 
Source df MS F 
A=Ss 9 .0143 
B=Information Category 2 1.4218 9.85 ** 
C=Redundancy 1 .3760 4.47 NS (p^.lO) 
AB 18 cl 443 
AC 9 .0840 
BC 2 .6962 10,41 ** 
Error 18 .0693 • 
Total 59 
* P'c.05 
** P*r«01 
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Figureï 1 Average median latency Tor same and different pairs of 
pictures and words under each rep of Experiment I. 
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Figure 2» Average median latencies for picture and word probe 
at each combination of display condition in Experiement I. 
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Figure 3» Average msdian latencies for same and different 
probes at each display condition in Experiment II» 
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Figure 4. Mean z' scores for. stimulus forms at each level 
of redundancy for Experiment III. 
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